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ABSTRACT 

Histamine produces dose-dependent contractions of isolated spiral 
strips of rabbit portal vein. The response to histamine is unaffected 
by atropine or indomethacin, suggesting that neither acetylcholine nor 
prostaglandins play a role in the response to this agonist. Treatment 
of tissues with cocaine, or 6-OHDA or induction of tachyphlaxis to 
tyramine, all of which reduce or abolish the response to tyramine, 
have no effect on the response to histamine. These results suggest 
that histamine is not acting indirectly through the release of an 
endogenous transmitter in this preparation. However the receptor for 
histamine does not appear to be either a typical H, or H, receptor; 


ub Z 


the histamine response is not blocked by the H, antagonist metiamide, 


Z 
and is blocked only by high concentrations of the Hy antagonists, 
chlorpheniramine, diphenhydramine and antazoline. The most effective 
antagonists of the histamine response are the a-adrenergic blocking 
agents, phentolamine, azapetine and dibozane, which also antagonize 
the response to noradrenaline in this preparation. 

5-hydroxytryptamine (5-HT) also elicits dose-dependent contractions 
of rabbit portal vein. The responses to high concentrations of this 
agonist are insensitive to methysergide and 6-hydroxydopamine (6-OHDA), 
but are blocked by phentolamine. Induction of desensitization to 5-HT 
results in a concomitant depression of the responses to equi-active 
doses of histamine and noradrenaline. The maximum responses to 5-ET 
and histamine, but not to noradrenaline are also depressed by this 
treatment. High concentrations of histamine, but not 5-HT, antagonize 


the response to noradrenaline in the presence of cocaine. 


The responses to noradrenaline, histamine and 5-HT are all 
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depressed by the irrevisible antagonist phenoxybenzamine. Noradrenaline 
and phentolamine cross-protect the responses to all three angonists 
against POB blockade. Even high concentrations of histamine do not 
provide good protection of the responses to itself or other agonists, 
while the protection provided by 5-HT appears to have a significant 
non-specific component. 

The most satisfactory explanation of these results is that 
noradrenaline, 5-HT and histamine are interacting at a common, non- 
specific receptor, at which noradrenaline behaves as a full agonist, 
and histamine and 5-HT as partial agonists. The receptor for these 
agonists in portal vein bears close resemblance to the a-adrenoceptor 
and may represent a furthur subtype of this receptor. 

The responses to histamine, 5-HT, tolazoline and betazole all 
show sensitization with time, while the responses to noradrenaline 
and acetylcholine do not. The increased sensitivity of portal vein 
to histamine appears to be selective, since the response to acetylcholine 
is not increased after exposure of the tissue to histamine. The 
sensitization is unaffected by atropine or indomethacin, but it is 
reduced in reserpinized tissues, suggesting that it has an adrenergic 
component. It also appears to be reduced after treatment of tissues 
with methysergide. 

Histamine causes a 6-OHDA-sensitive increase in the efflux of 
i -uaecoradrenaline from rabbit portal vein, and 6-OHDA treatment of 
isolated tissues abolishes the increase in sensitivity to histamine. 
The histamine-induced increase in efflux of le dfenoradrenaline is also 
reduced by cocaine; this agent reduces the sensitization to histamine 


in a reversible manner. 
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I GENERAL INTRODUCTION 

Histamine (f-imidazolylethylamine, Fig. 1) was first synthesized by 
Windaus and Vogt in 1907, but it was not until 1910 that Dale and 
Laidlaw demonstrated its dramatic and widespread physiological effects. 
Since then, histamine has been shown to have profound actions on all 
parts of the cardiovascular system, and this thesis is concerned with 
a component of these actions which is still quite poorly understood: 


the effects of this compound on the smooth muscle of veins. 


Almost 70 years have passed since the first description of the 
biological activity of histamine. The demonstration of its occurrence 
as a natural constituent of body tissues did not occur until 17 years 
later (Best et al., 1927). Since then, much information has been 
obtained about its broad distribution, as well as its synthesis, 
storage, metabolism and release. Much less is known about the physio- 
logical function of this ubiquitous compound, however. Release of 
histamine from its mast cell storage sites has been shown to play an 
important role in the process of anaphylactic shock, although it is 
not the only substance involved (Douglas, 1975). The only regulatory 
function of histamine which has been convincingly demonstrated, though, 
is in the control of gastric acid secretion (Kahlson and Rosengren, 
1968). Other suggestions that histamine is involved in the regulation 
of the microcirculation (Schayer, 1963) and of tissue growth and repair 
(Kahlson and Rosengren, 1971), as well as mediating the active compo- 
nent of vasodilatation (Beck, 1965), seem less well established. A 


major hindrance to the effort to show a broader physiological function 
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Schematic diagram illustrating some of the events leading to 
smooth muscle contraction (After DeRobertis, 1975). 
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for this compound has been the inability to demonstrate, either 
pharmacologically or histochemically, the presence of peripheral hista- 
minergic nerves, although there is some suggestion that these may be 
present in the central nervous system (Schwartz, 1977). The technical 
difficulties involved in determining a regulatory role for histamine 

in most of these processes are still quite severe however, and the 
demonstration of the widespread distribution of specific receptors for 
this compound suggests the possibility that histamine does, in fact, 
have a physiological function which has not yet been recognized. 

The actions of histamine in the cardiovascular system in parti- 
cular have been examined in some detail, and as outlined below, most 
types of vascular smooth muscle and cardiac muscle respond to this 
compound, both in vivo and in vitro. 

In most animals, except the rabbit, injection of histamine 
results in a dose-dependent fall in blood pressure (Brimblecombe et al., 
1974; Black et al., 1975; Powell and Brody, 1976), although in some 
species, notably the cat and the guinea pig, the initial fall is 
followed by a secondary increase probably due to catecholamine release 
from chromaffin tissue (Owen, 1977). The response of the rabbit is 
atypical - histamine causes biphasic changes in blood pressure in this 
species, which consist of an initial pressor response followed by a 
more sustained depressor response, both of which are a result of a 
direct action of histamine (Naranjo and Naranjo, 1958; Parsons and 
Owen, 1973). 

When given systemically, histamine causes a decrease in total 
peripheral resistance which probably accounts, in large part, for the 


vasodepressor effects of this compound (Johnston and Owen, 1977; 
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Thermann et al., 1975). This occurs through vasodilatation of some 
peripheral vessels, but it is apparent that vasoconstriction of other 
peripheral blood vessels can also occur, depending on the species 
being examined (Johnston and Owen, 1977). 

Histamine also has profound effects on the isolated heart and on 
some isolated blood vessels. It causes contraction of most large 
arteries and veins examined in vitro (Somlyo and Somlyo, 1970), 
although dilatation has occasionally been demonstrated. The most 
common effect of histamine on the heart is to increase both the rate 
and force of contraction (Trendelenburg, 1960; Bartlet, 1963, Flacke 
i@tedls,.1967), 

It is clear from the foregoing remarks that the widespread actions 
of histamine within the cardiovascular system are diverse, depending on 
the species and the tissue being examined. Although much is known 
about the overall response of animals to histamine, less information 
is available concerning the response of individual blood vessels, 
particularly veins, to this compound. We therefore decided to examine 
in detail the response of isolated venous smooth muscle to histamine, 
and because of its importance to the cardiovascular system, we chose 
to study the histamine response of the isolated hepatic portal vein. 
As mentioned earlier, histamine is believed to act through receptors, 
and in the next section the evidence for the existence of these 


structures, and some of their properties, are reviewed. 


II RECEPTORS 
The concept that there exists a specific area on the surface of 


macromolecules or cells to which substances can combine to bring about 
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their action, arose independently in two different disciplines around 
the turn of the century. Emil Fischer demonstrated the specificity of 
the enzyme-substrate interaction in 1894, and in his now famous analogy 
suggested that the substrate fits into an area of the enzyme the way a 
key fits into a lock. Paul Erlich, in considering immunological pheno- 
mena, found that an introduced molecule must often bind to a specific 
area of an endogenous molecule in order to be active, and he defined 
that area of the endogenous molecule as the receptor. This concept 
was extended to the field of pharmacology by J.N. Langley in 1905. 
After examining the effects of nicotine and curare on the neuromuscular 
junction, he concluded that nicotine must have its action by combining 
with a ‘receptive substance’ on the muscle cell, which then transferred 
the stimuli it received to the contractile apparatus of the muscle 
(Langley, 1905). Since that time, it has been widely accepted that 
many other drugs and endogenous hormones also produce their actions by 
combination with a specific structure located on or within a cell. 
Although the term 'receptor’ has been used in other contexts since it 
was coined, in general the receptor is taken to be only that site or 
structure with which an agonist combines to produce the characteristic 
response of the cell to that agonist, as proposed by Furchgott (1964). 

A. Evidence for Receptors 

In general, there are three major reasons why drugs are believed 
to act through receptors (Rang, 1971). First, most drugs are active in 
relatively low concentrations, some being active in concentrations as 
low as 107M Secondly, evidence exists to imply chemical specificity 
in the action of drugs, such as the differential potencies of optical 


isomers, and the availability of specific drug antagonists. And 
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thirdly, there is biological specificity in the action of drugs, since 
not all drugs are active on all cells or tissues. 

The above points form convincing evidence for the existence of 
receptors, but this evidence is indirect. The isolation of receptors 
and direct demonstration of their nature and properties would be far 
more convincing, but in most cases this has so far proved impossible. 
The reason for this reflects a fundamental characteristic of these 
entities - it is impossible to subject them to the isolation procedures 
used so commonly in enzymology because they function only as transducers 
of messages across the cell membrane while having no recognized innate 
catalytic activity. There have been in the past many attempts to 
isolate receptors by other methods, the most common cf which was the 
use Of labelled high affinity or irreversible antagonists or high- 
affinity agonists to bind to receptors, which were then subjected to 
isolation procedures. For the most part these attempts failed for a 
variety of reasons, the most important of which was that most tissues 
contain very few receptors relative to other sites at which the agents 
used for isolation could also bind (May et al., 1967; Moran et al., 
1967; Terner et al., 1971). Although this difficulty seems to have 
been overcome in the case of the nicotinic cholinergic receptor, most 
information concerning the characteristics of receptors for other 
substances, including the receptor for histamine, and the manner in 
which drugs interact with them, must come from the classical pharmaco- 
logical methods. These techniques are all indirect and in most cases 
measure the response of various isolated smooth muscles to agonists in 
the presence and absence of antagonists. Clark in 1937, Paton in 1961 


and Rang in 1973, among others, proposed various models describing 
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drug-receptor interactions, based on the results of these types of 
experiments. Although these models are necessary and valuable for 
their predictive potential, none of them has been either discarded or 
unequivocally shown to be correct. This illustrates the grave limita- 
tions inherent in trying to determine events occurring at the molecular 
level from such a gross phenomenon as smooth muscle contraction. These 
difficulties arise because, as shown in Fig. 2 (DeRobertis, 1975) the 
interaction of drug with receptor is only the first step leading to the 
response of the muscle, and alterations in the measured response, as 
well as reflecting events at this step, could also reflect changes 
occurring at any of the other steps. The most widely accepted means of 
circumventing this problem is the use of the so-called 'null method' 

in which equiactive doses of agonist are compared before and after 
treatment of the tissue with antagonist. In this case, it is hoped 
that the contribution of events following the drug-receptor interaction 
to the alteration in the final response is kept to a minimum (Waud, 
1968). This method has been widely used to provide information about 
drug-receptor interactions, including the specificity of these inter- 


actions, as described in the next section. 


B. The Histamine Receptor 

de, aySpetd ficity 

Receptors which are specific for certain agonists, including 
histamine, have been demonstrated in a number of ways. The existence 
of specific antagonists which block the action of one agonist while 
having little affect on the response to another, has already been 
mentioned. In 1947 Schild introduced a method of quantifying the 


blocking activity of competitive antagonists, with the use of the pAx 


2 “he hanes eee RO AA yOD' ate. A 


- 


rai ai ae ten baa epenegher nts Pe ote 
say bahbndoath: rotote Want aan wert, te 
ey ae bets T meee ae Gas pct 


ek ae is 
‘ds nsiay few, as PE? an anae). oy * yt . » i a i 2 . bea ane) Bhai) ty ‘ 


iar oda 


~ i 4 ¥ om ' 
Ste sdeabnodennndento tee snioosatha mt ie 
eta feak SEE ee NP SE ti 8d Ba sii 


y walsh cet ei De tr tte ee lf @ . » 4 re tw uitte a8: Jnl ' 


a. 


fda Soe BRWNea! Yada, der! » vile tee ‘ra lead oe tm 
ra \ WY) 
S4: .Wenegeet bovsuas: ap Aa if jeans bee, sateen a 


Ss 


eet ee yin: hivoe aes oot 1a xtasde § : 
Bo epage haqss 5 Te eae . ai! ks tolaovat +9 a a 
ethane ifuy' het. wt Fa aad ane ah gente one | eh a 
| Ta33e Aci Szo3sd Sry) Sit As ets ut ul mere AD i | 
De) awageaetiek 380.33 ie cg a en tr = sf) 
pmmtaandinaih to d4% 0-037 3 4 s 2p Ue : al , 
Sakae ‘beat gecthi bir 3:03 a aae ee sina sat i ousbon | 


a 


“ x ‘rods . an bok oes ml Lita Sea Vw ee a] heey ae 
: ‘ear 


i eek Waals, Lo vIbout2rseda chit actin 


- 3 


4 2 


gntie tas: etehogen \Ybae Uva tat! ey sere #22: ‘ 


* 


tA A ’ 
O epeeiiotaea Ory. ys RVEST, 10 zo. dma & aah Boney aap need 


elide Jalircgs wad 10 S62 728) (gida este bane han ene 
oe 7 


thieed neti ves RhG «tads oz, a, baie aria co ain 


aie Mase Iitdkap 30 bad Pee ey’ ¥8 ad bite 1 chex “i 
ey Eo a 


Bias) 


‘aly 


rc ons Ne oie aid Sabw , 


value. The pAx is the negative logarithm (to the base 10) of the 
concentration of an antagonist necessary to shift the dose-response 
curve to an agonist x log units to the right (Schild, 1947a, b). The 
most commonly used pAx value is the pAj. These values are a function 
only of the receptor and the antagonist, and thus when two agonists 
are acting at the same receptor, an antagonist will have the same pA» 
against both agonists. Schild (1974b) went on to demonstrate that the 
histamine antagonists available at that time were indeed specific for 
histamine, since pA 9 values for various antagonists against histamine 
were different from those found against other agonists. 

Another means of differentiating receptors is the receptor protec- 
tion technique (Furchgott, 1954). This method makes use of the ability 
of agonists and antagonists which act at a receptor to protect that 
receptor against blockade by a non-specific irreversible antagonist, 
while receptors for other agonists are blocked. This method has been 
used to demonstrate the existence of specific histamine receptors in a 
number of tissues. High doses of histamine were found to protect the 
histamine response but not the responses to other agonists such as 
5-hydroxytryptamine (5-HT), noradrenaline and acetylcholine in rabbit 
aorta, guinea pig ileum and cat splenic strip (Furchgott, 1954; Innes, 
1962a; Ariens et al., 1960). Similarly, the histamine response in 
guinea pig ileum could be protected by histamine antagonists, which 
did not protect the responses to other agonists (Kenakin, 1975). 

A third means of differentiating receptors is to desensitize the 
response to one agonist and find if the response to another agonist is 
also reduced. Desensitization occurs when a tissue is exposed to a 


high concentration of agonist for a long period of time, and can take 
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two forms. One of these is non-specific and results in responses to 
all agonists being depressed, while the other appears to be receptor 
specific and results in a reduction of the responses of only those 
agonists acting at that receptor (Rang and Ritter, 1970). Desensitiza- 
tion of the response to 5-hydroxytryptamine in spleen strips does not 
result in cross-desensitization of the histamine response (Innes, 1962b), 
while the noradrenaline response is not cross-desensitized when the 
histamine response is desensitized in atria (Dean, 1968), indicating 
that at least in these tissues, histamine is acting at a different 
receptor than 5-HT and noradrenaline. 

2. Classification of Histamine Receptors 

Histamine antagonists have been available since the late 1940's, 
and since then receptors specific for histamine have been shown to be 
widespread. It soon became apparent however, that the available anti- 
histamines were not effective at blocking the histamine response in 
every tissue. The response to histamine in tissues such as guinea pig 
ileum and bronchial smooth muscle could be antagonized competitively by 
agents such as diphenhydramine and chlorpheniramine (Arunlakshana and 
Schild, 1959). However, these antagonists were ineffective against 
the histamine response in rat uterus, mammalian heart and on gastric 
acid secretion, although histamine did not appear to be acting at a 
receptor for another agonist in these tissues (Ash and Schild, 1966; 
Trendelenburg, 1960; Ashford et al., 1949). In 1966, Ash and Schild 
proposed that there were at least two types of histamine receptors, 
after examining the blocking activity of the available histamine anta- 
gonists and the agonist activity of a series of histamine derivatives. 


They called the receptors which are competitively blocked by the 
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classical anti-histamines, such as those in guinea pig ileum and 
bronchial smooth muscle, 'H,' receptors. In 1972, Black and his co- 
workers succeeded in synthesizing a histamine antagonist, burimamide, 
which was an effective competitive antagonist of the histamine response 
in rat uterus and guinea pig atrium, as well as of the histamine-induced 
gastric acid secretion in rats and dogs (Black et al., 1972). The 
histamine receptor in these tissues was called an 'Hy' receptor, and 

so far studies with H, and Hy antagonists and with histamine analogs 
have indicated that no further sub-division of histamine receptors is 
necessary. It has since been reported that some H, antagonists can, 
infact, block ithe Hy receptor. McNeill and Verma (1974b) found that 
promethazine, an H, antagonist, could antagonize the histamine response 
in guinea pig atria, which is mediated by an H? receptor, but the 
blockade produced was non-competitive and occurred only at high doses 


of antagonist. 


3. Structure-Activity Relationships and Relation of Hj and H2 


Receptors 


The availability of histamine analogs with varying degrees of 
activity at H, and Hj receptors has enabled the determination of struc- 
ture-activity relationships at H, and Hy) receptors, as well as facili- 
tating the differentiation of these receptor types (Jones, 1966; Black 
et al., 1972; Durant, Ganellin and Parsons, 1975). On the basis of 
these studies Durant et al. (1975) have determined the chemical 
requirements which are necessary for activity at each receptor sub- 
type (Fig. 3). They found that for activity at either receptor the 
side-chain requirements were the same: The side-chain must be cationic 


and the nitrogen should not be completely substituted. The ring 
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FIG. 3 Structural requirements for activity at histamine receptors. 
(After Durant et al., 1975). 
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FIG. 4 Diagram illustrating the location of the portal vein in man 
and in other species. 
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requirements were different however; for activity at Hj receptors an 
imidazole ring was required, with a hydrogen atom bound to the ring 
nitrogen in the 3 position, suggesting to these workers that at the 

H2 receptor histamine might function as a proton transfer agent. On 
the other hand, for Hj activity an imidazole ring was not a necessity, 
as long as the ring which was present could rotate freely and contained 
a nitrogen atom with a lone electron pair. 

It has been generally assumed that the two histamine receptor sub- 
types bear no physical relationship to each other, but recent work has 
indicated the possibility that these two receptors might be different 
conformations of the same macromolecule (Kenakin et al., 1974). When 
strips of guinea pig ileum longitudinal muscle were exposed to tempera- 
tures below 20°C, the histamine receptor appeared to change from one 
possessing characteristics of an H; receptor to one with many proper- 
ties of the Hy receptor. It is thought that membrane lipids undergo a 
fluidity change at approximately this temperature, from a liquid to a 
more crystalline state, leading to the suggestion that the histamine 
receptor, which is believed to be located in the membrane, also under- 
goes a conformational change in conjunction with these lipids. This 
has not been confirmed in other histamine receptor systems, although a 
similar interchange of properties, from a-receptors to f-receptors and 
vice versa, has been detected in adrenergic receptors in heart (Kunos 
and Szentivanyi, 1968, Kunos and Nickerson, 1976). 

Whether or not H, and Hy receptors are two different conformational 
forms of the same macromolecule, it appears that events following the 
drug receptor interaction are not the same for each receptor sub-type. 


The Hy receptor is believed to be associated with adenylate cyclase, 
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since in cardiac muscle histamine-induced stimulation of Hy receptors 
has been shown to be associated with an increase in cAMP (Klein and 
Levy, 1971; McNeill and Verma, 1974a). Burimamide, an Hy receptor 
antagonist, effectively blocks both the mechanical effects of histamine 
and the increase in cAMP (McNeill and Verma, 1974a; Verma and McNeill, 
1974; Reinhardt et al., 1974). On the other hand, stimulation of Hy 
receptors in cardiac muscle, while also having an inotropic effect, is 
not associated with an increase in cAMP (Verma and McNeill, 1977). 

4. Indirect Action of Histamine 

Although histamine is believed to act in most tissues through a 
direct interaction at H, or Hg receptors, in some instances histamine 
has been known to act indirectly through catecholamine release. The 
best known example of this is the release of catecholamines by hista- 
mine from the adrenal medullae of cats and dogs, which was first demon- 
strated by Burn and Dale (1926) and has often been demonstrated since 
(e.g., Feldberg, 1941; Staszewska-Barczak and Vane, 1965). The release 
of noradrenaline from nerve terminals by histamine, however, has only 
been demonstrated in a few instances, and in vascular smooth muscle no 
evidence for such an action of histamine has been found. In isolated 
chick ileum and cat tracheal chain histamine has been shown to have a 
dual mode of action. In cat tracheal chain preparations histamine 
causes relaxation; this appears to be mediated partly through Hy 


receptors and partly through catecholamine release (Maengwyn-Davies, 


14. 


1968). In chick ileum low doses of histamine appear to cause relaxation 


through catecholamine release, while higher doses produce a biphasic 
effect, the relaxation portion of which is mediated by catecholamine 


release, while the contraction portion is inhibited by H, antagonists 
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(Everett and Mann, 1967). 

The release of noradrenaline by histamine or any other agent can 
be demonstrated by methods which either block the uptake of the releas- 
ing agent into the nerve terminal or reduce the total noradrenaline 
content of the nerve. These include the use of cocaine, which blocks 
neuronal uptake (Iverson, 1967), and reserpine, which depletes the 
nerve terminals of noradrenaline (Burn and Rand, 195&). In addition, 
destruction of sympathetic nerves can be achieved with 6-hydroxydopamine 
treatment or by chronic denervation (Burn and Tainter, 1931; Malmfors 


and Sachs,. 1968). 


IPL. THE. VENOUS “SYSTEM 

In this section, the properties of the portal veins of various 
species will be reviewed in detail, and what is known of actions of 
histamine in this tissue will be discussed. 

A. General Information 

Dr. William Harvey, who first described the cardiovascular system 
in 1628, recognized the existence of two major classes of vessels form- 
ing an integral part of the cardiovascular circuit. The function of 
these two classes of vessels is well known: one set, the arteries, 
takes oxygenated blood away from the heart to the tissues and the 
second set, the veins, then conduct the now deoxygenated blood from 
the tissues back to the heart. In general, arteries are considered to 
consist of resistance vessels, which are the main determinants of 
regional blood flow, while veins are considered to be capacitance 
vessels (Mellander and Johansson, 1968) which can contain up to 802 


of the total blood volume in some species (Weidemann, 1963). Because 
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of the large volume of blood located in the venous system at any one 
time, changes in the venous capacity can have a great influence on 
venous return and thereby on other variables in the circulatory systen, 
such as blood pressure and regional blood volume (Mellander and 
Johansson, 1968). Changes in venous capacity can occur by two mecha- 
nisms: either indirect, through alterations in pre-capillary resis- 
tance, or directly through alterations in venous tone. Overall 
however, veins are not thought to play an important role in the active 
maintenance of circulatory homeostasis, for instance in response to 
neural or humoral stimuli. Yet for quite some time many veins have 
been known to respond both to electrical stimulation and to drugs 
(Franklin, 1937), and recently more and more research has been 
focused on the determination of the mechanisms controlling the activity 
of veins. The hepatic portal vein is an example of a vein which has 
recently been subjected to numerous pharmacological and electrophysio- 
logical studies, owing to its interesting characteristics which are 
reviewed below. 

B. The Portal Vein 

1. Location and Function 

The portal vein, in man and other animals, is a large relatively 
short vessel formed by the junction of the splenic vein with the 
inferior and anterior (or superior in man) mesenteric veins. Other 
veins, such as the gastric and pyloric, also drain into it (Fig. 4). 
The portal vein travels from this junction to the liver where it 
divides into left and right branches, which on entering the liver 
bifurcate into radicles. These then drain into the liver sinusoids or 


capillaries (Hollinshead, 1974). 
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The hepatic portal vein, although carrying partially oxygenated 
blood, is not the only vessel to supply the liver - the hepatic artery 
also enters this organ. The mixture of blood from both these vessels 
then drains from the liver, via the hepatic veins, into the vena cava. 
While the hepatic artery carries normally oxygenated blood to the 
liver, it is apparent that some oxygen is also derived from the portal 
vein since blood in the hepatic veins has a lower O95 content than that 
in the portal vein (Selkurt and Brecher, 1956). The relative amounts 
of oxygen supplied to the liver by each vessel varies widely depending 
on the hepatic blood flow and oxygen uptake, but a rough estimate is 
that at rest the portal vein accounts for about 65-75% of the blood 
supply, but only 30-35% of the O» requirement (Greenway and Stark, 

MGd 1), 

As well as providing some of the liver oxygen supply, the portal 
vein also plays an important role in metabolism. It can be seen from 
the veins merging to form the portal vein that all blood from the 
digestive tract drains into the liver before it enters the general 
circulation. In this manner the concentration of substances which have 
been absorbed across the digestive tract and which are subject to bio- 
transformation by liver enzymes is altered - the 'first-pass' effect. 
This is useful for the removal of substances which might be toxic when 
present in the general circulation and also has implications in the 
design of effective drug therapy. But though the portal vein is impor- 
tant for this function it is not essential for life - animals and man 
which have been subjected to either excision of the portal vein or to a 
porta-caval shunt, in which the portal vein is attached directly to the 


vena cava, by-passing the liver, are able to survive (Sedgwick and 
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Poulantzas, 1967). 

2. Structure and Innervation 

Blood vessels of all types have essentially the same composition, 
the components having been found to vary mostly in quantity, depending 
on the function and location of the vessel. The three major tissue 
components, which are arranged in concentric tubes are (Bevan and Su, 
wo'73): 

1) The intima: The innermost coat of the blood vessel, composed 
of a lining of endothelial cells, together with a supporting 
layer of connective tissue. 

2) The media: The layer surrounding the intima, composed largely 
of vascular smooth muscle with elastic tissue. The smooth 
muscle is usually orientated in either a circular or a longitu- 
dinal direction, although some vessels contain two separate 
layers of smooth muscle, one of which is orientated in each 
direction. 

3) The adventitia: The outermost layer of the blood vessel, 
coating the smooth muscle, is formed mainly from connective 
tissue. 

Small venules and very large veins have been shown to be composed 
largely of intimal and adventitial layers, making them quite elastic 
in nature. Some of the intermediate sized veins, and many of the 
arteries, except the very large ones, also contain a meuveacgevoned 
medial layer. 

The pattern of innervation of most blood vessels is also quite 
uniform, most differences between vessels consisting of variations in 


the density of innervation, associated with variations in the size and 
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function of the vessels. Sympathetic nerves are usually found 
restricted to the perivascular plexus, which is an area of innervation 
located at the adventio-medial junction. In some large vessels nerves 
actually penetrate varying distances into the media layer from this 
plexus, but as a rule they make contact with relatively few smooth 
muscle cells. There are two means by which nervous impulses could be 
detected throughout the muscle under these circumstances: one is the 
diffusion of transmitter released from the nerve terminals throughout 
the tissue, and the second, thought to be more likely in the case of 
most vascular smooth muscle, is the propagation of smooth muscle elec- 
trical activity from cell to cell via nexuses (Dewey and Barr, 1962), 
areas of close apposition between the membranes of two cells (Ljung, 
1970). Burnstock (1975) has made the suggestion that restriction of 
neurons to the advential side of the smooth muscle enables blood 
vessels to respond to dual control, by circulating catecholamines 
which can diffuse through the intima and most of the media without 
being removed by uptake into adrenergic nerve terminals, as well as 


by neuronal stimulation. 


uo). 


The structure and innervation of the portal vein has been examined 


in detail in both the rabbit and the rat, and these have been found to 
be very similar in both species. Electron microscopic examination of 


the rabbit portal vein (Holman et al., 1968) revealed that the medial 


layer of this tissue consists of two layers of smooth muscle cells, an 


inner circular layer about 30 » wide, and an outer layer about 80 u 


wide, arranged in longitudinal bundles which then form a very wide 


spiral. The same arrangement was detected in rat portal vein (Johansson 


et al., 1970; Funaki, 1967). In both species neighboring cells in the 
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longitudinal smooth muscle layer could sometimes be seen to fuse to 
form tight junctions or nexuses. Further electron microscopic exami- 
nation of these tissues, together with fluorescent histochemistry for 
the detection of catecholamines, indicated that two major areas of 
two-dimensional innervation could be found. One was the usual nerve 
plexus found at the adventio-medial border, and a second plexus was 
located between the longitudinal and circular muscle layers (Holman 
et al., 1968; Johansson et al., 1970; Burnstock et al., 1970)). «In the 
case of the rabbit, small bundles of axons were seen to penetrate into 
the media from the adventia via the spaces between the bundles of 
longitudinal smooth muscle. The minimum distance detected between 
membranes of these axons and those of smooth muscle cells was on the 
order of 1500 &. Axons that were closer to, or more actually enveloped 
by, processes of smooth muscle cells were seen very rarely (Holman 

et al., 1968). The nerve plexus found in the area between the two 
muscle layers also consisted of bundles of axons, corresponding to 
noradrenergic nerves when examined with fluorescence microscopy. In 
the case of the rat portal vein almost the same picture was seen, 
although in this case the minimum neuromuscular distance found was 
about 1000 & (Ljung, 1970). Ljung et al. (1973) performed studies on 
the uptake and distribution of sp erarads enerdare in rat portal vein, 
and based on their findings proposed that, at least in the rat, only 
the inner nerve plexus is functionally important for the portal vein. 
This nerve plexus seems to be a continuation of the adventia-medial 
nerve plexus of the anterior mesenteric vein which in the rat contains 
no longitudinal muscle. They also suggest that the outer nerve plexus 


may only follow the portal vein, not directly innervate it. 
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While fluorescence microscopy indicated that in both species much 
of the innervation of both nerve plexuses was sympathetic (Holman et al., 
1968; Ljung, 1969), the actual proportion of the nervous supply that 


was noradrenergic in nature was then determined by pharmacological means. 


3. Electrophysiological and Pharmacological Characteristics 
a) Spontaneous Activity 


The portal vein of every species examined so far has been shown to 
be spontaneously active both in vivo and in vitro (Hughes and Vane, 
1967; Johansson and Ljung, 1967; Holman et al., 1968; Hall and O'Connor, 
1973; Carruba et al., 1973). Spontaneous contractions of longitudinal 
strips of isolated rabbit portal vein were found to vary both in ampli- 
tude and in frequency, but in general they corresponded to a change of 
10-15% of the total length of the muscle strip, and once the frequency 
was established, which often took up to an hour, the contractions were 
maintained for 6 to 8 hours (Hughes and Vane, 1967). Sutter studied the 
characteristics of what he termed rabbit anterior mesenteric-portal 
vein, which he described as corresponding to the portal vein of other 
reports. He found that only longitudinal strips were spontaneously 
active, ring preparations being quiescent even though he again demon- 
strated histologically the presence of circular smooth muscle in this 
preparation (Sutter, 1965). In general, the spontaneous activity of 
longitudinal and helical strips of portal vein isolated from other 
species was found to be somewhat greater in amplitude, relative to the 
length of the muscle, and similar in frequency to that found in the 
rabbit (Carruba et al., 1973; Johansson and Ljung, 1967a; Funaki, 1967). 
However, spontaneous activity detected in situ in the portal vein of 


the dog appeared to be a result of contributions from both longitudinal 
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and circular smooth muscle (Hall and O'Connor, 1972). The spontaneous 
activity could be abolished by either lowering the temperature to 28- 
32°C in the rabbit, or to 34°C in the rat, or by decreasing the external 
calcium concentration (Holman et al., 1968; Funaki, 1967; Cuthbert and 
Sutter, 1965; Axelsson et al., 1967; Biamino and Johansson, 1970). 
Electrical activity in the muscle was found to be associated with 
this spontaneous mechanical activity (Funaki and Bohr, 1964; Cuthbert 
and Sutter, 1964; Cuthbert et al., 1965). Holman et al. (1968) found 
electrical activity in the rabbit portal vein was very variable and 
could consist of single, pairs or bursts of action potentials. The 
activity associated with mechanical activity however consisted of 
waves of depolarization with bursts of spikes on their crests. They 
also found some evidence of pacemaker regions, where there was a steady 
fall in potential between the waves of depolarization, and each wave 
seemed to end in a hyperpolarizing trough from which the next depola- 
rization developed. The same type of electrical activity was associated 
with the spontaneous mechanical activity in both rat and guinea pig 
portal vein, both of which also seem to possess pacemaker areas as well 
(Funaki and Bohr, 1964; Nakajima and Horn, 1967; Ljung and Stage, 1970). 
The spontaneous activity of portal vein from the rat and rabbit is 
not affected by nerve-blocking concentrations of tetrodotoxin or cocaine, 
by hexamethonium, nor by dihydroergotamine, phentolamine, atropine or 
mepyramine (Sutter, 1965; Johansson and Ljung, 1967a; 1967b; Holman et al., 
1968). Chronic sympathetic denervation has no effect on the spontaneous 
activity (Johansson et al., 1970). This evidence suggests that the 
spontaneous contractile activity of the muscle is myogenic in nature, 


arising from within the muscle and propagated throughout the tissue by 
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electronic conduction. This in turn suggests that the smooth muscle of 
portal vein is of the 'single-unit' type described by Bolzer (1948) in 
which cell to cell propagation of electrical activity can occur, as 
opposed to multi-unit smooth muscle, where no synchronous activity is 
seen (Holman et al., 1968; Ljung, 1970). The presence of the nexuses, 
which as already mentioned, have been detected between some smooth 
muscle cells in the longitudinal coat, tends to support this view. 
Further support can be found from the work of Johansson and Ljung 
(1967b), who demonstrated that exposure of rat portal vein to hyper- 
osmolar sucrose solutions resulted in a desynchronization of the 
spontaneous activity. This treatment had previously been shown to 
have no effect on conduction in autonomic nerves, but to disrupt cellu- 
lar contacts at the nexuses in other types of smooth muscle (Barr et al., 
1965a; 1965b). 

b) Responses to Electrical Stimulation 

When isolated longitudinal strips of portal vein from rats or 
rabbits were subjected to transmural stimulation both electrical and 
mechanical activity resulted. In general, the mechanical response at 
low values of stimulation consisted of an increased frequency of con- 
traction which summed to produce an increase in tension. At higher 
values a steep rise in tension was found, followed by a more prolonged 
decay (Hughes and Vane, 1967; Holman et al., 1968; Johansson and Ljung, 
1967a). The electrical response associated with threshold mechanical 
activity consisted of an increase in the frequency of bursts of spikes, 
corresponding to an increased frequency of contractions, suggesting 
according to Holman et al. (1968) either an increase in the slope of 


the pacemaker potentials or a decrease in the threshold for action 
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potential initiation, or both. Electrical activity associated with 
increased contractile activity up to the maximum mechanical response, 
consisted of a depolarization of the membrane with continuous high 
frequency firing of action potentials (Holman et al., 1968). 

The mechanical and electrical activity resulting from transmural 
stimulation appeared to be caused by excitation of nervous tissue, 
since it could be prevented with chronic denervation (Johansson et al., 
1970) and could be blocked with guanethedine, and selective nerve- 
blocking concentrations of tetrodotoxin (Holman et al., 1968), cocaine 
and lignocaine (Hughes and Vane, 1967). Veratrine, an agent which 
causes repetitive nerve firing, increased the effects of transmural 
stimulation (Hughes and Vane, 1967). 

The transmitter released after nerve stimulation of rabbit portal 
vein was identified as noradrenaline, both chemically and pharmacolo- 
gically (Hughes, 1972a). The excitatory response to nerve stimulation 
could be blocked with phentolamine, an G-adrenergic antagonist, as well 
as the adrenergic neuron blockers bretylium and bethanidine. In 
addition, the contractile response to electrical stimulation was abol- 
ished in tissues taken from rabbits pretreated with reserpine (Holman 
et al., 1968; Hughes and Vane, 1967). On the other hand, the response 
to electrical stimulation was found to be unaffected by hyoscine, 
mepyramine or brom-lysergic acid diethylamine (brom-LSD), or by the 
ganglion blocking agents hexamethonium or mecamylamine (Hughes and 
Vane, 1967). It thus appears that the contractile response of rabbit 
portal vein to nerve stimulation is mediated via noradrenaline acting 
at a-adrenergic receptors. 


Isolated strips of portal vein taken from rabbits pre-treated with 


7s 


vila q ey) Py eit 


aes “~< 


> - ‘ 4 ~o Pi ii, ae ry ap i ry et ; ‘ , ; r ; ; red i 7 fi 
+ th mancists caer , ae ais ais NI , j . Ae aie 7 Me ' Po shout ‘i tf f oe - ue ce 
; Ne A As *, 


puemy agowien, i¢ 4 45 LORS a saci vd ya yet 
ba ‘Seiindandeded) ‘hats ~ a eea sy! haaaoreg dbl 


wrige- ei tyafoe Dine! Bie bets sealinoronts od so 


witwowD ye i ae (aout oF, nil | | 
wes 'ns feeehay a aieiE asap nen i 


ut 7 J) oe 
J 
saw ik eles 
Pass 20% i Ao poe 
A 8 i = J Le? Be: 
1 


{law es .Welaoeecis S133ee 
Daa tr 
‘ : : 4] 


: ii wie) 
5 ¥ 
{7,2 athe a eee anh ets h ents 
a toda day eels Tine is 


: ‘aia 
peelon) shictseSt? wie 


; " om a 
é M ass i 
ean oe Sa | Si) ‘SHais Apiid9 


Due Fe CUEPOEORA “d brs 


Bray 4 git vo 73 ‘Ceres com 


q 
7 
Ri 


ny here wating) sani 3, POR SHR DNS MARR SR GRR Ee Ree 
\ @haiei 30 Sogo Ae fine ina Re ie Stee aae ee are ve 
ay Pe nS ONC 
‘ ‘ f : ) 


) ‘Mabe sacs, PRC ren 


at 


Zo 


reserpine show relaxation with electrical stimulation (Hughes and Vane, 
1967). In addition, tissues treated with high concentrations of phen- 
tolamine also showed relaxation when stimulated (Holman et al., 1968; 
Hughes and Vane, 1967). In both cases, Hughes and Vane (1967) found 
that the inhibitory effect could be only partially antagonized with 
propanolol and INPEA, which are B-adrenergic antagonists. The remainder 
of the inhibitory effect, resistant to both a- and $-receptor blockade, 
was shown to be of neuronal origin, since it was reduced by lignocaine 
and cocaine and increased by veratrine, as well as being abolished by 
tetrodotoxin in selective nerve-blocking concentrations. However they 
were unable to block this inhibitory effect with any of the common 
receptor antagonists, including antagonists of the acetylcholine, 5- 
hydroxytryptamine or histamine responses. 

The results reviewed above indicate that the major innervation of 
the rabbit portal vein is adrenergic in nature, confirming the histo- 
chemical studies. This has been further confirmed by stimulation of 
the splanchnic and vagus nerves to the portal vein, both in the cat 
(in situ) and in the rabbit (in vitro). Stimulation of both right and 
left splanchnic nerves resulted in active contraction of the portal 
vein, which could be blocked by guanethidine, phenoxybenzamine and 
phentolamine, and further stimulation after blockade then had no 
effect. Stimulation of the vagus nerve had no mechanical effect on the 
portal vein (Johansson and Ljung, 1967b). 

These results provide further indication that the major sympathetic 
control is exerted via excitatory d-adrenergic receptors, while there 
also appears to be f-adrenergic receptors which are inhibitory, located 


in the muscle. Another non-adrenergic inhibitory innervation may also be 
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present but the nature of the transmitter is unknown, and it does not 
appear to be present in portal veins of other species (Ljung, 1970; 
Funaki, 1964). 

c) Storage, Release, Distribution and Inactivation of Noradrenaline 

Noradrenaline, the sympathetic neurotransmitter in both rat and 
rabbit portal vein, is stored in adrenergic nerve terminals which were 
shown histochemically to be restricted to the adventitio-medial border, 
penetrating somewhat in the spaces between longitudinal muscle bundles, 
and to the junction between the longitudinal and circular smooth muscle 
layers (Holman et al., 1968; Johansson et al., 1967). Noradrenaline 
appears to be stored in different pools within the nerve terminal, and 
can be released on nerve stimulation, the pool from which it arises 
varying depending on the stimulation parameters (Hughes and Roth, 1974). 
Noradrenaline released at low frequencies of stimulation, for instance, 
appears to be from a newly synthesized source rather than from that 
stored for longer periods (Greenberg, 1975). There is some evidence 
that in rabbit portal vein, noradrenaline release is subject to modula- 
tion by prostaglandins (Greenberg, 1974). Treatment of the isolated 
vein with indomethacin, a prostaglandin synthetase inhibitor, results 
in an increased output of noradrenaline at low frequencies of stimula- 
tion, while treatment with prostaglandin Ey decreases the noradrenaline 
released on electrical stimulation. These results suggest that prosta- 
glandins may have a regulatory role in noradrenaline release in this 
tissue, as it does in others. 

The noradrenaline that is released on nerve stimulation if released 
into a restricted area, on the outer edge of the smooth muscle layers. 


In the case of rat portal vein, evidence exists to suggest that the 


} 


acitibang Meta do wpkaei hasan: bey. ao 
at 
hie. cee. Hod ul res 2dmeRarnoniga pooner it | 


SF CSW podite SLSR: ev tows . > abe aba ‘ak won, ie. tule 
Talytee farbemnrisist idavdn Pe ry ae ata cupiaty od: Os qt 


‘Holtaad'einava leothunie 


PL oeing |. Canoe WS Lyte 


; a ie : i eon" " 
a — rs Me 


ae i | 
rary tA 


7) EERE DANSE any aan 
MEPAGIh, atin sansaite! a 
i | ean? 

Hi49 of Seda tay sit faci 


? ! 


bqtaotaz 7 Aad sanbunakhd & | se See a eae Nia | 
| fi a A aye 
of tangigd, iran 4 090m er aey a : i, ae . 


emi jin ine. 
tity Suneannaee pie , | 


21s 


functionally important a-adrenergic receptors are restricted in distri- 
bution as well. Based on the supersensitivity exhibited by rat portal 
vein after chronic denervation and cocaine treatment, Ljung et al. 
(1973) suggested that a-receptors are located near the nerve plexus, 
and are probably confined to 'innervated' muscle cells, located close 
to the nerve terminals. The response of these muscle cells to nor- 
adrenaline is then probably propagated electrically throughout the 
tissue, by myogenic conduction, in the same manner as the spontaneous 
activity. Bevan and Ljung (1974) have shown that when rat portal vein 
is stimulated 'locally' it responds with almost as great a change in 
length as when it is subjected to transmural (general) field stimula- 
ime Hayes 

Noradrenaline action is terminated by a combination of neuronal 
and extraneuronal uptake (Hughes, 1972a). In normal tissues, a balance 
seems to exist between the two processes, which together appear to 
inactivate over 90% of the released transmitter, since if one uptake 
process is blocked then the other process increases in relative impor- 
tance. This is supported by the fact that noradrenaline is subject to 
breakdown by both metabolizing enzymes, catechol-O-methyl transferase, 
an extraneuronal enzyme, and monoamine oxidase, located in the nerve 
terminal. 

d) Responses to Drugs 

As would be expected from the preceding discussion, the addition 
of exogenous noradrenaline mimics almost exactly the action of nerve 
stimulation, both electrically and mechanically. The major difference 
appears to be that responses to added noradrenaline were slower in 


onset (Holman et al., 1968; Johansson et al., 1967). Adrenaline action 
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was similar to that of noradrenaline, and the contractile responses to 
both these antagonists could be abolished by the a-adrenergic antago- 
nist, phentolamine. In the presence of high concentrations of phentol- 
amine, large doses of noradrenaline and adrenaline caused an inhibitory 
response, blocked by propanolol, as also occurred with electrical 
stimulation (Holman et al., 1968; Hughes and Vane, 1967). 

Isoprenaline, the B-adrenergic agonist, was also found to cause 
inhibitory responses, which could be blocked with propanolol (Holman 
et al., 1968; Johansson et al., 1967; Hughes and Vane, 1967; Cohen and 
Wiley, 1977). 

In contrast to the relatively high sensitivity exhibited by the 
rat and rabbit portal veins to the adrenergic agonists, the portal 
veins of these and other species were found to be considerably less 
sensitive to acetylcholine, histamine and 5-hydroxytryptamine. The 
responses to these agonists have been examined in rat, guinea pig, 
rabbit and dog portal veins, and in general there appears to be little 
species variation, although the effective concentrations seemed to vary 
somewhat. All of these tissues responded to acetylcholine, and the 
response to this agonist could be blocked by atropine but not by hexa- 
methonium (Carruba et al., 1973; Hughes and Vane, 1967; Sutter, 1965). 
5-Hydroxytryptamine also elicited contractions of the portal veins of 
each species examined, and the responses to this agonist could be 
blocked with Brom-LSD and methysergide (Hughes and Vane, 1967; Sutter, 
1965), indicating an action of 5-HT on so-called "D' receptors of smooth 
muscle (Gaddum and Picarelli, 1957). In further support of this con- 
clusion, the action of 5-HT was not affected by atropine (Hall and 


O'Connor, 1973). Hughes and Vane (1967) reported the ability of 
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phentolamine, the a-adrenergic antagonist, to inhibit the response of 
rabbit portal vein to 5-HT, in approximately the same concentrations 
as required to block the responses to noradrenaline and adrenaline, 
although they also found brom-LSD was an effective antagonist of the 
5-HT response. 

The portal veins of all these species were found to respond with 
varying degrees of sensitivity to histamine, which also caused con- 
tractions. Although Carruba et al. (1973) found that the response of 
rabbit portal vein to histamine was insignificant, other reports indi- 
cated that this tissue could, in fact, respond to this compound, 
albeit quite weakly (Hughes and Vane, 1967; Sutter, 1965). The 
response to histamine was considered to be mediated by H, receptors in 
both the rabbit and dog portal vein, since the response could be 
blocked with mepyramine and antazoline but not with metiamide, an Hy 
antagonist (Hughes and Vane, 1967; Sutter, 1967; Thermann et al., 1975; 
Richardson and Withrington, 1977b). 

In addition to the actions of the aforementioned compounds, the 
portal veins of various species have been reported to respond to a 
number of other vasoactive compounds. Angiotensin causes contraction, 
with subsequent tachyphylaxis, of dog, rabbit and rat portal vein. 
Bradykinin has been reported to cause contraction of rat and guinea pig 
portal vein, but not preparations from rabbit or dog. On the other 
hand, oxytocin and vasopressin have been found to Seah US eee Toe of 
portal vein from all species examined, and in addition rabbit portal 
vein has been reported to be inhibited by ATP, ADP and AMP (Hughes and 


Vane, 1967; Carruba et al., 1973; Richardson and Withrington, 1977a). 
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IV GENERAL REMARKS 

It is clear from the preceding section that the portal vein is 
relatively well-innervated, and responds both to nerve stimulation and 
to exogenous drugs. The function of the portal vein in the control of 
blood pressure and blood volume in the systemic circulation, although 
not well-understood, is thus potentially very important. Studies on 
whole animals indicated that in both the cat and the dog, stimulation 
of the splanchnic nerve to the intestine results in an increase in 
portal venous pressure, and an initial increase, followed by a decrease 
in portal flow (Green et al., 1959; Johansson and Ljung, 1967a). The 
increase in portal pressure and portal resistance seems to be a direct 
result of nerve stimulation on the smooth muscle of the portal vein, 
but this in itself had little effect on portal flow. The changes in 
portal flow could be related to changes in the volume of the intestinal 
capacitance vessels. In view of these results, Greenway and Stark 
(1971) suggested the possibility that in response to a decrease in 
splenic or intestinal blood flow, the constrictory response of portal 
vein to reflex sympathetic stimulation would minimize any fall in 
portal pressure and could aid in the maintenance of the intestinal 
capillary resistance, and in the prevention of the collapse of the 
intestinal blood vessels. 

The results reviewed previously also indicated that while the 
portal veins of erhone species responded to 5-HT and histamine, these 
agents were less effective at causing portal constriction. In fact, it 
has been demonstrated that in the dog, infusion of relatively low doses 
of histamine results in an increase in portal venous pressure, most of 


which seems to be due to an outflow block from the liver due to 
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constriction of the hepatic veins (Richardson and Withrington, 1977b; 
Greenway and Oshiro, 1973). Under normal circumstances neither hista- 
mine nor 5-HT are likely to be present in vasoactive amounts, but both 
substances can be released into the circulation under conditions of 
anaphylaxis or other stimuli, and under these circumstances the blood 
levels of these substances are likely to become high enough to cause 
constriction of the portal vein directly. 

As mentioned previously, the aim of the research reported in the 
following chapters was to examine in more detail the actions of hista- 
mine in the isolated portal vein, since the effects of histamine on 


venous smooth muscle are not well known. 
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A CONTRACTILITY STUDIES 

New Zealand white rabbits, weighing 1.5-3.0 kg, were killed by 
cervical dislocation. The hepatic portal vein was immediately disected 
free from the surrounding mesentery, excised, and placed in warm 
oxygenated Krebs solution. The vessel was cleaned of as much remaining 
fat and connective tissue as possible, before being cut into a wide 
spiral strip, approximately 1 cm wide and 3 cm long. The spiral strip 
was divided into either 4 or 6 equivalent pieces along its longitudinal 
axis. Each piece was suspended under 5 gm tension in ar isolated tissue 
bath with a working volume of either 15 ml or 28 ml. The baths contained 
Krebs solution (see Appendix for composition), maintained at 37°C and 
bubbled with 95% oxygen - 54 CO». Contractions of the tissues were 
measured isotonically, using Hewlett-Packard 7DCDT linear motion trans- 
ducers, and recorded on a Grass Model 5PI polygraph. 

Tissues were allowed to equilibrate for one hour in normal Krebs 
solution during which time they were washed every 20-30 minutes. After 
60 minutes the sensitivity of the tissues was determined either to a 
maximum dose of agonist or to 10“ potassium chloride before the experi- 
ment was begun. 

Dose-response curves to all agonists were obtained in a cumulative 
manner, graded doses being added to give the desired concentration of 
drug in the bath. A constant bath volume was maintained by means of a 
vacuum apparatus which removed any fluid overflow. All drugs were pre- 
pared and diluted in Krebs solution in order to prevent any dilution of 
that solution in the bath. 

In all experiments, except those involving the use of phenoxy- 


benzamine, when more than one dose response curve was obtained on a 
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single tissue, the tissue was washed for 60 minutes between each curve to 
avoid any complications due to desensitization. When reversible anta- 
gonists were used,this wash time was suitably adjusted for the onset 

and offset of antagonism. Often more than one concentration of compe- 
titive antagonist was added to a tissue. Under these circumstances, a 
control dose-response curve to agonist alone was obtained before the 
second dose of antagonist was added, in order to ensure that complete 
recovery from blockade had taken place. 

A. Reserpinized Tissues 

Portal veins were obtained from animals which had been pre-treated 
with 2.0 mg/kg of reserpine subcutaneously 16 hours, and 1.0 mg/kg of 
reserpine intravenously 1 hour before being killed (Paton, 1973). 

B. Treatment with 6-hydroxydopamine (6-OHDA) 

After the equilibration period the responses of strips of portal 
vein were tested to maximum doses of various agonists. Then, in a 
modification of the in vitro technique of Aprigliano et al. (1976), 

250 ug/ml of 6-OHDA was added to each bath, together with 1.1 mg 
ascorbic acid to reduce auto-oxidation of this compound (Wadsworth, 
1973). The 6-OHDA was left in contact with the tissue for 15 minutes, 
and then the tissues were washed with normal Krebs solution for 2 hours, 
or until a stable response was obtained. Responses to agonists were 
again obtained, and these results were expressed as a percentage of the 
initial response. 

C. Electrical Stimulation 

In some instances it was necessary to measure the response of 
Strips of portal vein to transmural electrical stimulation. Tissues 


were threaded between two circular platinum electrodes mounted on a 
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perspex cylinder before being attached to the transducers, and were 
stimulated using a Grass SD9 stimulator. Tissues were stimulated with 
square wave pulses at maximum voltage output (100 volts), with a fre- 
quency of 25 Hz, and a pulse width of 2 msec. 

D. Induction of Tachyphylaxis or Desensitization 

Tachyphylaxis and desensitization are both terms which refer to 
the process by which a dose of a drug produces a smaller response to a 
subsequent dose. Although the same procedure was followed to induce 
both of these phenomena, the molecular explanation of tachyphylaxis is 
different from that of desensitization. Tachyphylaxis in this discus- 
sion, refers to the reduction in the response of a tissue to an 
indirectly-acting agent and is thought to be caused by the depletion of 
the neurotransmitter released by this agent (Axelrod et al., 1962). 
Desensitization, on the other hand, refers to the reduction in the 
response to a directly-acting agent, which, when responses to other 
agonists are not reduced,is believed to result from an alteration in 
the receptor (Rang and Ritter, 1970). In each case, a control response 
to each agonist was obtained. The tissues were then exposed to repeated 
doses of the desensitizing agent for varying lengths of time, until the 
contractile response was reduced to less than 50% of the initial response 
to that agent. Between each exposure the tissues were washed repeatedly, 
until the response returned to baseline, before the next dose was added. 
When the response to the desensitizing agent was sufficiently reduced, 
a second response was obtained to each test agonist. These results were 
then expressed as a percentage of the initial response to that agonist. 


E. Blockade with Phenoxybenzamine 


Phenoxybenzamine (POB) was dissolved in 0.01 N hydrochloric acid 
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and stored at room temperature for 20 minutes. POB, as with other 
B-haloalkylamines, is believed to act as an irreversible antagonist 
via the formation of a cyclic aziridinium ion, which forms covalent 
bonds with nucleophilic sites located on the cell (Fig. 5) (Harvey and 
Nickerson, 1953; Graham, 1957). Previous studies have shown that 
optimal cyclization of the POB molecule to form the aziridinium ion 
takes place within 15-40 minutes (Kenakin and Cook, 1975). After 20 
minutes the solution of antagonist was then diluted to the required 
concentration in normal Krebs solution and used immediately. 

The experimental procedure followed is outlined in Fig. 6. 
Initially a control dose-response was obtained on all four tissues, 
after which they were washed for 15 minutes. Phenoxybenzamine was 
added to two tissues, left in contact with them for 3 minutes, and the 
tissues were then washed. The other two tissues were retained as 
unblocked, untreated controls. All four tissues were then washed for 
15 minutes with Krebs solution containing sodium thiosulfate (1077). 
Finally, a second dose-response curve was obtained. 

The purpose of including sodium thiosulfate in the wash was to 
aid in the removal of any untreated aziridinium ion. The thiosulfate 
ion has been known for years to react very quickly in vitro with 
aziridinium ion, resulting in the formation of a pharmacologically 
inert compound known as a Bunte salt (Fig. 7) (Fruton et al., 1946). 
Prior administration of thiosulfate to preparations treated with B- 
haloalkylamines resulted in a great reduction or abolition of the 
action of these antagonists, indicating that their blocking activity 
does, in fact, arise from formation of the aziridinium ion (Nickerson 


and Gump, 1949; Graham and Lewis, 1954). 
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The formation of the aziridinium ion from phenoxybenzamine. 


Tissue 
initial 15 min 15 min. wash 
2nd dose-response 
ontrol dose-response wash 
e curve wash curve 
initial 15 min 15min. wash 
Treated dose- response POB 2nd dose response 
curve wash 3 min. curve 


Scheratic diagram illustrating the procedure followed in 
experiments utilizing phenoxybenzamine (See Results I-E). 
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FIG. 7 The reaction of aziridinium ion and sodium thiosulfate to 
form an inactive Bunte Salt. 
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Schematic diagram illustrating the procedure followed in 


receptor self- and cross-protection experiments. (See 
Results I-F). 
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Sie) 


F., Receptor ‘Protection 


The experimental procedure used in receptor self-protection and 
cross-protection is outlined in Fig. 8. When the responses to hista- 
mine and 5-hydroxytryptamine were to be protected, it was necessary in 
most cases to use 6 tissues, divided into 3 pairs. One pair was treated 
with phenoxybenzamine alone ('control-blocked'), one pair treated with 
protecting agent alone ('control'), and one pair treated with both pro- 
tecting agent and POB ('protected-blocked'). In this way it was possible 
to monitor both the sensitization of the tissue to histamine and 5-HT, 
while at the same time to have a measure of the effects of the protect- 
ing agent alone on the response to these agonists. The acetylcholine 
protection experiments were also performed in this manner, but this 
procedure was not required for the noradrenaline protection experiments: 
responses to this agonist do not show sensitization (see Results), and 
they are remarkably resistant to alteration by the protecting agent 
alone. 

An initial dose-response curve was obtained on all tissues, after 
which they were washed for 15 minutes. The tissues designated 'control' 
and 'protected-blocked' were treated with protecting agent, and after 
sufficient time had elapsed for the response to become stable, POB was 
added to the appropriate tissues in the presence of protecting agent. 
After a 3 minute exposure to POB, all tissues were washed with Krebs 
solution containing sodium thiosulfate (107°M), for pieher 15 minutes, 
or when phentolamine, diphenhydramine or noradrenaline were used as 
protecting agents, 50 minutes. Then a second dose-response curve was 


obtained on each tissue. 
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G. Calculation and Expression of Results 


Dose-response curves were constructed in most cases by taking the 
maximum response of the initial dose-response curve as 100% and calcu- 
lating all remaining dose-response curves as a percentage of this value. 
In the case of experiments in which the histamine response was blocked 
with more than one dose of competitive antagonist however, the final 
dose of antagonist was not added until at least 4 hours after the 
initial dose-response curve was obtained. Since the histamine response 
sensitizes with time, in order to both minimize the error due to sensi- 
tization and to simplify the expression of results, both dose-response 
curves obtained in the presence of antagonist were calculated as a 
percentage of the maximum response of the normal dose-response curve 
obtained between them. 

Results, when necessary, were analyzed for significance using the 


Students paired or unpaired t-tests. 


II STUDIES WITH [7H] -NORADRENALINE 

Portal veins were prepared as described in Part I for contractility 
experiments, up to the point where the vein was cut into a wide spiral 
strip. In these experiments the spiral strip was divided into 8 equi- 
valent pieces along its longitudinal axis, and these were mounted on 
fine hollow tissue hooks, attached to lines supplied with 952 Oo - 5% 
CO» and placed in Krebs solution maintained at Sy AGE 

Tissues were prepared and labelled according to the method of 
Paton (1973). All Krebs solution contained both 1.1 x 107M ascorbic 
acid (20 mg/1) and, except where specifically indicated, tropolone, 


(10 *M), a catechol-O-methyl transferase inhibitor (Belleau and Burba, 
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1963); 

Tissues were allowed to equilibrate in normal Krebs solution for 
15 minutes, after which they were usually incubated for 30 minutes in 
Krebs solution containing pargyline (5 x TOM ae a monoamine oxidase 
inhibitor (Zeller, 1966). They were then transferred into fresh Krebs 
solution for a further 15 minutes, before being subjected to one of the 
experimental procedures described below. 

Plea Hienoeadeena line (Fig. 9), of specific activity 14.8 Ci/mmol, 
was obtained from Amersham/Searle Corporation. It was stored in the dark 
at 5°C and was diluted to the required concentration immediately before 
use. 

Tissues were weighed when necessary on a Cahn Electrobalance 
(Model G) or a Cave AE balance; tissue wet weights were in the range of 
3-8 mg. 

A. Sample Preparation 

The preparation of samples for counting was the same regardless of 
the nature of the experiment. In the case of samples of medium, a 
0.5 ml aliquot of each solution to be counted was placed in a 7 ml 
polyethylene mini-vial, to which 5 ml of AquasoL® ( New England 
Nuclear), a xylene-based scintillation cocktail, was also added. Vials 
were dark-adapted overnight (a minimum of 18 hours) and the following 
day were counted in a Beckman LS 230 scintillation counter. Dpm 
(disintegrations per minute) of each sample of medium was determined by 
the equation (1): 


Cpm 


EPelSiencyne RUPE Oh Ret kes ORS 4d27 8) 


(1) Dpm 


The counting efficiency was determined by the internal standard channels 
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OH 
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FIG. 9 The chemical structure of noradrenaline. * indicates the 


position at which the greatest amount of tritium is bound. 
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transfer all tissues 
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10 minutes 


FIG. 10 Flow chart illustrating the procedure followed in experiments 


monitoring the efflux of [3H]-noradrenaline under control 


conditions, and in the absence of MAO and COMT inhibitors. 
(See Results II-E). 
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ratio technique, described in the next section. 

Tissue samples were blotted, weighed when necessary and placed in 
a mini-vial. 0.2 ml of NCS solubilizer (a quaternary ammonium base 
mixture in toluene) was added to each vial, and the vials were placed 
in a water bath maintained at 50°C overnight. The following day, 0.5 ul 
glacial acetic acid was added to each vial to neutralize the NCS and 
then 5 ml of a toluene base scintillation fluor (see Appendix for conm- 
position) was also added. Samples were dark-adapted for a minimum of 
30 minutes before being counted. Tissue disintegrations per minute were 


determined from equation (2): 


i jah 8 8 
i Po Efficiency 


B. Determination of Counting Efficiencies 


Counting efficiencies were determined separately for medium and 
tissue samples by the internal standard channels ratio technique. 

A 10 ul aliquot of the stock solution of ilenorenrenaiine was 
diluted in 1 ml of Krebs solution. Aliquots of this diluted stock 
solution (containing 2.2 x tor dpm) were then added to vials containing 
either unlabelled medium (0.5 ml) or tissue which had been previously 
solubilized with NCS and neutralized with glacial acetic acid. After 
addition of the appropriate scintillation fluor, both medium and tissue 
standards were counted in two channels of pre-set window width. A 


channel ratio was calculated for each standard from equation (3): 


(3) ee Cpm in window B (narrow) 
~  Cpm in window A (wide) 


The counting efficiency was also determined for each standard by use of 
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equation (4): 


g ne s Cpm_ in window A 
(4) Percent (%) Efficiency ToLNimipntsaaed x «100 


The channels ratio was plotted against the counting efficiency 
separately for tissue standards and medium standards. The medium stan- 
dards were all found to have a channels ratio within a narrow range, 
and counting efficiencies between 28% and 36%, so all medium samples 
whose R values also fell in this range were corrected by a factor of 
32%. The graph of the tissue standards channels ratio versus counting 
efficiency was fitted with a straight line by the least squares method. 
A computer programme was then devised to derive the counting efficien- 
cies of tissue samples, by comparison of their channels ratios to the 
straight line of the standard curve. 

Background counts were determined for all experiments by counting 
appropriate blanks. These counts rarely rose above 50 cpm and were thus 
ignored. 

C. Uptake of [?H]-Noradrenaline 

Sixteen tissues were prepared and divided into four groups of four 
tissues each. Each group of four tissues was transferred to a 25 ml 
Erlenmeyer flask. Two of these flasks were designated 'controls', and 


7 


contained only 3 x 10 'M Poulepecedrenaiane in 5 ml of Krebs solution. 


The other two flasks were designated 'cocaine-treated'’ and contained as 


I fend eneeedrenalines 3 x 10> cocaine in 5 ml of Krebs 


well as 3 x 10 
solution. Tissues were removed from each flask at exactly 3 minutes, 
10 minutes, 30 minutes and one hour after the start of the experiment. 


Tissues were blotted, weighed, and then prepared and counted as described 


above. 
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D. Calculation and Expression of Results 


Tissue sample counts were corrected for efficiency and used to 
determine the dpm per mg of tissue. Then the tissue : medium ratio was 


determined for each tissue. The T/M ratio is defined by equation (5): 


. Dpm/mg tissue 
69) ies Dpm/ml media 


The T/M ratios for each sample from each group at each time were pooled 
and plotted against time to obtain a curve reflecting leagenoredrenatine 
uptake. 

BE. (RFilux of alaNocacrenaiine 

In experiments in which the efflux of foul oworadrenaline was moni- 
tored, tissues were loaded with noradrenaline for one hour from a solu- 


™ oulonotadeenaiines Then efflux was followed 


tion containing... x 108 
under one of the following sets of conditions: 

(1) Control conditions. 

(2) In the absence of monoamine oxidase and catechol-O-methyl 

transferase inhibitors. 

(3) In the presence of cocaine. 

(4) In the presence of 6-hydroxydopamine. 

The procedure followed in the control experiments is outlined in 
Fig. 10. After loading, each tissue was transferred to a tube containing 
1.0 ml of normal Krebs solution. Each tissue was transferred again, at 5 
minutes, 10 minutes, 15 minutes, 25 minutes, 40 minutes and 60 minutes, 
each time to a tube containing 1.0 ml of normal Krebs solutions. At 70 
minutes each tissue was transferred again, two into normal Krebs, two 


into Krebs solution containing 5 x 107°M histamine, two into Krebs solu- 


tion containing 5 x 107" 5-hydroxytryptamine and the last two into Krebs 
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containing 10M tyramine. After a 10 minute exposure to drug, all 8 
tissues were transferred to normal Krebs for a further 10 minutes. A 
0.5 ml aliquot from each tube at each time interval was then counted, 
as were all tissues. 

In the second set of experiments, the tissues were not exposed to 
pargyline before loading, and tropolone was omitted from the Krebs 
solution. Otherwise the experiments were run exactly as those described 
above (Fig. 10). 

In experiments involving exposure to cocaine or 6-hydroxydopamine, 
tissues were grouped as shown in Table 1, first into 2 sets of four, then 
into pairs, one from each set. 

Experiments using cocaine were very similar to the control experi- 
ments described above. The procedure followed is outlined in Fig. ll. 
All eight tissues were treated as described for the control preparations 
until 60 minutes of efflux had taken place. Then the four tissues desig- 
nated as 'cocaine-treated' were transferred to Krebs solution containing 
Sax 107M cocaine for 10 minutes, while the control tissues were put in 
normal Krebs solution. At 70 minutes all eight tissues were transferred 
to the appropriate drug solutions as indicated in Table 1, the 'cocaine- 
treated' tissues still in the presence of cocaine. At 80 minutes all 
eight tissues were placed in normal Krebs for a final 10 minutes. Again 
a 0.5 ml aliquot from each tube at each time interval, and all tissues 
were counted. | 

The procedure involving 6-OHDA varied somewhat from the preceding 
experiments, and is shown in Fig. 12. After loading, the 4 tissues 
designated as 6-OHDA treated were transferred to a tube containing 


250 ug/ml of 6-OHDA for 15 minutes, while the control tissues were 
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Tissue 


Cl 


C2 


H1 
H2 


Sl 
S2 


del: 
T2 


TABLE I 


Nature of treatment of tissues in fonlcneradrenaiine 


efflux experiments involving cocaine and 6-OHDA. 


Cocaine 


Treatment 


untreated 


cocaine 


histamine 
cocaine + histamine 


5-HT 
cocaine + 5-HT 


tyramine 
cocaine + tyramine 


Tissue 


Cl 


C2 


H1 
H2 


Sl 
S2 


Tl 
T2 


6-OHDA 


Treatment 
untreated 
6-OHDA 


histamine 
6-OHDA + histamine 


5-HT 
6-OHDA a: 5-HT 


tyramine 
6-OHDA + tyramine 
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All tissues load 


60 minutes 


Start of Efflux 


transfer all tissuesto 
normal Krebs solution 


at 0,5,10,15, 25,40 min. 


SS a oa 


transfer to normal 


Z, 


Krebs soln. 10 min. 


FIG. 11 Flow chart illustrating the procedure followed in experiments 
monitoring the efflux of [3H]-noradrenaline in the presence 
and absence of cocaine. (See Results II-E). 
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All tissues 


load 60 minutes 
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Flow chart illustrating the Procedure followed in experiments 
monitoring the efflux of [3H] -noradrenaline from tissues 
treated with 6-OHDA. (See Results II-k£), 
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placed in normal Krebs during this time. All tissues were then placed 
in normal Krebs solution, and transferred to fresh Krebs every 20 minutes 
for 100 minutes. All these solutions were discarded. At 100 minutes all 
tissues were placed in normal Krebs solution for 10 minutes, transferred 
to normal Krebs again for a second 10 minutes, placed in the appropriate 
drug solution for 10 minutes and back into normal Krebs for a final 10 
minutes. A 0.5 ml aliquot of the final four solutions were counted as 
were all tissues. 

F. Calculation and Expression of Results of Efflux Experiments 

For each tissue the total (ulonersdreneine content at time zero 
could be determined by back-addition of the dpm in the efflux medium at 
the end of each time interval to the counts remaining in the tissue at 
the end of the experiment. Then the rate of efflux of enieneradvena= 
line was determined, as were the counts remaining in the tissue at a 
given time (or tissue desaturation). pouaenocedcenatice efflux was then 
expressed as a rate coefficient combining these two values and given by 


equation (6): 


(6) E _ Rate of efflux (A dpm/A t) 


co Counts remaining at midpoint 
of time interval, t 
The E,g for each tissue was then plotted against me The Eo is a 
useful measure since it reflects alterations in either rate of efflux or 
the tissue desaturation. 
After sample counts were corrected for efficiency and the appro- 

priate aliquot factor, the data was processed as described above by 
means of an APL computer programme, designed for the analysis of efflux 


data (Cook and Taylor, 1971). 
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In the next chapter (Results), * marked between two points 
On a graph or between two bars on a histogram, indicates that a 
significant difference (p < 0.05, Student's paired or unpaired t- 
test) exists between the points or the bars. 

Standard errors were not included in figures containing 
five dose-response curves, in the interest of clarity. These 


were included in all other figures, however. 
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I CONTRACTILITY STUDIES 

A. Spontaneous Activity 

Isolated spiral strips of rabbit portal vein almost invariably 
inhibited spontaneous contractile activity. When present, it was 
detectable soon after the tissues were set up, and was well-established 
when experiments were begun 60 minutes later. The spontaneous activity 
was found to vary widely in both frequency and amplitude, but once 
these characteristics were established for each tissue, they were main- 
tained for the duration of the experiment. Recordings demonstrating 
some examples of spontaneous activity are shown in Fig. 13a. The 
frequency of spontaneous activity was found to vary from approximately 
3 per minute to 10 per minute, while the amplitude varied from about 
2% to 15% of the maximum contraction to noradrenaline (the most potent 
agonist in this preparation). 

The spontaneous activity very seldom interferred with the measure- 
ment of the response of the tissues to drugs. In most cases, when 
supra-threshold concentrations of drug were added a tetanus-like con- 
tractile response was produced and the superimposed spontaneous 
activity was greatly reduced or abolished. At near-maximum and maximum 
concentrations of agonist, there was no trace of spontaneous activity 
associated with the contraction to the drug (Fig. 13b). 

B. Responses to Agonists 

Histamine produced dose-dependent contractions of isolated spiral 


strips of rabbit portal vein (Fig. 14). These occurred over a high 


33% 


dose range, (from 10M to 10°°M); and exhibited an unusual characteristic. 


When measured at hourly intervals for up to 5 hours in normal tissues, 


the histamine response was found to sensitize with time, reaching a 
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FIG. 13a Some examples of spontaneous activity of isolated spiral 
strips of rabbit portal vein. 


Leere 


5«10°6 


FIG. 13b Recordings showing typical cumulative dose-response curves 
to noradrenaline (NA), 5-HT and histamine (HIST), demonstrat- 
ing the disappearance of spontaneous activity with increasing 
drug concentration. Dots indicate addition of drug, W refers 
to wash. 
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FIG. 14 
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Dose-response curves to histamine in untreated tissues, 
measured at one hour intervals for 5 hours. All results 
expressed as a percentage of initial maximum response at one 
hour. Log molar concentration of histamine as abscissa, per 
cent maximum response as ordinate. n = 14. 


initial dose-response curve to histamine. 
histamine response at 2 hours. 
histamine response at 3 hours. 
: histamine response at 4 hours. 
: histamine response at 5 hours. 
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maximum contraction at 5 hours almost 75% greater in amplitude than 
the initial maximum contraction at one hour. 

Histamine was also found to produce dose-dependent contractions 
of tissues taken from rabbits which had been pre-treated with reserpine 
(Fig. 15). The contractions occurred over the same dose-range as those 
in normal tissues, but in this case, the response to histamine sensi- 
tized to a lesser extent. In reserpinized tissues, the maximum con- 
traction to ie ounce at 5 hours was found to be only 25% greater in 
amplitude than the maximum contraction at one hour. 

The responses of spiral strips of untreated portal vein to nor- 
adrenaline (Fig. 16) and acetylcholine (Fig. 17) differed from those 
to histamine. The noradrenaline dose-response curve occurred over a 
dose-range of 107° to May ae and showed no sensitization with time, 
while the response to acetylcholine occurred over a dose-range of 


™y Oo ex 101 ui, and showed only a small amount of sensitization. 


10° 
The maximum response to acetylcholine after 5 hours was found to be 
only 10% greater eas the initial maximum response at one hour, and 

did not differ significantly from control. 

The examination of the response of rabbit portal vein to histamine 
thus has two components, which will be dealt with separately. The 
first component, discussed in the following sections, concerns the 
characterization of the receptor for histamine. The second component, 


the examination of the mechanism of sensitization to histamine, will be 


considered later. 


C. Blockade with Antagonists 


In order to determine the nature of the receptor for histamine in 


rabbit portal vein, an attempt was made to block the response to this 
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FIG. 15 
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10-8 10° 1074 10°3 10-2 


Dose-response curves to histamine in reserpinized tissues, 
measured at one hour intervals for 5 hours. Ail results 
expressed as a percentage of initial maximum response at 
one hour. Log molar concentration of histamine as abscissa, 
per cent maximum response as ordinate. n = 13. 


initial dose-response curve to histamine. 
histamine response at 2 hours. 
histamine response at 3 hours. 
histamine response at 4 hours. 
: histamine response at 5 hours. 
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10°8 10°77 10°8 1079 10-4 


Dose-response curves to noradrenaline in untreated tissues, 
measured at one hour intervals for 5 hours. All results 
expressed as a percentage of initial maximum response at 
one hour. Log molar concentration as abscissa, percent 
maximum response as ordinate. n= 8. 


: initial dose-response curve to noradrenaline. 
: noradrenaline response at 2 hours. 
noradrenaline response at 3 hours. 
noradrenaline response at 4 hours. 
noradrenaline response at 5 hours. 
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FIG. 17 
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Dose-response curves to acetylcholine in untreated tissues, 
measured at one hour intervals for 5 hours. All results 
expressed as a percentage of initial maximum response at one 
hour. Log molar concentration as abscissa, per cent maximum 
response as ordinate. n= 8. 


: initial dose-response curve to acetylcholine. 
: acetylcholine response at 2 hours. 
acetylcholine response at 3 hours. 
: acetylcholine response at 4 hours. 
: acetylcholine response at 5 hours. 
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agonist with the classical H, antagonists, diphenhydramine and chlor- 
pheniramine. High concentrations of these antagonists were required 
to block the histamine response, and the blockade produced appeared to 
be non-competitive (Figs. 18,19). It is difficult to ascertain the 
nature of the antagonism produced by these agents, since the tissue 
does not respond in a reproducible manner to the extremely high con- 
centrations of histamine required in the presence of antagonist. 

In order to determine whether the blockade produced by these 
agents was specific for the histamine response, these same concentra- 
tions of antagonist were used in an attempt to block the noradrenaline 
response. Chlorpheniramine had no effect on the response to noradrena- 
line (Fig. 20), and neither did the lower concentration of diphenhy- 
dramine (oe although 5 x 10° diphenhydramine appeared to produce 
a small alteration of the response to noradrenaline (Fig. 21). 

The histamine Ho receptor in guinea pig heart has been reported to 
be blocked in an apparently non-competitive manner by high concentra- 
tions of Hy antagonists (McNeill and Verma, 1974b). In view of these 
results, attempts were made to block the histamine response in rabbit 
portal vein with the H, antagonist metiamide (Fig. 22). This anta- 
gonist was effective only in high concentrations, producing a similar 
type of antagonism to that seen with the H, antagonists, and as will 
become apparent, seen with all other antagonists of the histamine 
response. The blockade produced by metiamide however, was not specific 
for histamine, since the acetylcholine response was significantly 
depressed by the same doses of this antagonist (Fig. 23). 

Further attempts to block the histamine receptor in portal vein 


led to the discovery that the a-adrenergic antagonist phentolamine was 
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10°4 10°9 107 


The effect of diphenhydramine on the response to histamine. 
Log molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 8. Bars represent 
standard errors. 


@ control dose-response curve to histamine. 
A : histamine response after 10-6M diphenhydramine. 
0 histamine response after 5 x 10-6M diphenhydramine. 


The effect of chlorpheniramine on the response to histamine. 
Log molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 8. Bars represent 
standard errors. 


e-@ : control dose-response curve to histamine. 
A-A : histamine response after 10-6™ chlorpheniramine. 
0-0 : histamine response after 5 x 10-6M chlorpheniramine. 
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FIG. 20 


FIG. 21 
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The effect of chlorpheniramine on the response to noradrenaline. 
Log molar concentration of noradrenaline as abscissa, per cent 
maximum response as ordinate. n= 6. Bars represent standard 
errors. 


- : control dose-response curve to nvuradrenaline. 
: noradrenaline response after 10-M chlorpheniramine. 


: noradrenaline response after 5 x 10-6M chlorpheniramine. 
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The effect of diphenhydramine on the response to noradrenaline. 
Log molar concentration of noradrenaline as abscissa, per cent 
maximum response as ordinate. n= 4. Bars represent standard 
errors. 

e-e@ control dose-response curve to noradrenaline. 


A-A : noradrenaline response after 10-6M diphenhydramine. 
O- 0 : noradrenaline response after 5 x 10-6M diphenhydramine. 
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FIG. 22 


FIG. 
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The effect of metiamide on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 8. Bars represent 
standard errors. 
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control dose-response curve to histamine. 
histamine response after 10-4M metiamide. 
histamine response after 5 x 107-4M metiamide. 


The effect of metiamide on the response to acetylcholine. 
Log molar concentration of acetylcholine as abscissa, per 
cent maximum response as ordinate. n= 4. Bars represent 


standard errors. 


control dose-response curve to acetylcholine. 


e-e : 
A-A : acetylcholine response after 10-4M metiamide. 
Oo -o : acetylcholine response after 5 x 10-4M metiamide. 
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also an effective antagonist of the histamine response. A concentration 
of phentolamine (107°), which had almost no effect on the response to 
noradrenaline (Fig. 24), caused a reduction of close to 60% in the 
maximum response to histamine (Fig. 25). Similarly, a concentration 

of phentolamine (107/™) which caused less than a one log unit shift in 
the noradrenaline dose-response curve, reduced the maximum response to 
histamine to about 402 of the control value. 

The histamine response was unaffected by atropine (Fig. 26), ina 
concentration (107/) sufficient to alter the acetylcholine response to 
a significant extent (Fig. 27). Fig. 27 illustrates an interesting 
feature of the response to acetylcholine: the maximum response, at 
Dax 100M is insensitive to blockade by atropine, even in concentra- 
tions as high as 5 x 107M. The response to this concentration of 
acetylcholine is thought to result from release of noradrenaline, since 
it is blocked by phentolamine and reduced or abolished in reserpinized 
tissues. Release of noradrenaline by high concentrations of acetyl- 
choline has been reported (Burn, 1977). The mechanism of the response 
to high doses of acetylcholine was not examined further in this study. 
Acetylcholine was occasionally used as a control in the experiments to 
be described in the following sections, however, and to ensure that 
this agent was acting through the cholinergic receptor, a concentration 
of acetylcholine (5 x 107>M) was employed which was very sensitive to 
atropine. 

D. Mechanism of Action of Histamine 

The initial dose-response curve to histamine in reserpinized 
tissues was not significantly different from the control, although 


reserpinized tissues sensitized less than untreated tissues. This led 
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FIG. 24 


FIG. 25 


65% 


The effect of phentolamine on the response to noradrenaline. 
Log molar concentration of noradrenaline as abscissa, per 
cent maximum response as ordinate. n= 4. Bars represent 
standard errors. 


: control dose-response curve to noradrenaline. 
A - A : noradrenaline response after 10-&M phentolamine. 
O-0O : noradrenaline response after 10-/M phentolamine. 


The effect of phentolamine on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 8. Bars represent standard 
errors. 


: control dose-response curve to noradrenaline. 
A-A : histamine response after 10-8M phentolamine. 
: histamine response after 10-/M phentolamine. 
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FIG. 26 


FIG 9 27 


The effect of atropine on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 6. Bars represent 
standard errors. 


initial dose-response curve to histamine. 
histamine response after 10-/M atropine. 


10°6 10° 10°4 10°3 


The effect of atropine on the response to acetylcholine. 
Log molar concentration of acetylcholine as abscissa, per 
cent maximum response as ordinate. n= 5. Bars represent 
standard errors. 


control dose-response curve to acetylcholine. 
acetylcholine response after 10-/M atropine. 
acetylcholine response after 5 x 10-7M atropine. 
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to the conclusion that histamine was acting directly on smooth muscle, 
rather than through the release of noradrenaline, in this preparation. 
However, reserpinized tissues were then found to respond to tyramine 
(Fig. 28), a sympathomimetic amine known to act mainly through release 
of noradrenaline (Trendelenburg et al., 1962). The response to tyra- 
mine persisted in portal veins taken from rabbits pre-treated with 
twice the suggested concentration of reserpine (4.0 mg/kg 16 hours, and 
2.0 mg/kg one hour before being killed. The normal dose is 2.0 mg/kg 
16 hours and 1.0 mg/kg one hour before sacrifice). 

The possibility that histamine was acting indirectly through 
release of noradrenaline could thus not be discounted on the basis of 
studies in reserpinized tissues, and a number of approaches were taken 
to examine this possibility further. The first was to induce tachy- 
phylaxis to a high concentration of tyramine, and examine the effect of 
this procedure on the response to histamine. The results are shown in 
Fig. 29; even when the response to tyramine (1077m) is reduced to less 
than 20% of the control value, the response to histamine (5 x 107°) 
remains unaffected. 

Guanethidine (2 x 107>™) was also used, since it is known to be an 
adrenergic neuron blocking agent which inhibits responses to sympa- 
thetic stimulation (Boura and Green, 1965). This agent reduced the 
response to electrical stimulation to about 35% of the control value, 
but had only a small effect on the response to 10-°M tyramine, reducing 
it to 85% of the control value. The response to histamine was unaffected 
by this treatment (Fig. 30). Since the tyramine response was only 
minimally reduced by guanethidine, it was thought that tyramine might be 


having a direct action on smooth muscle at this concentration (107>M) , 
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FIG. 28 Dose-response curve to tyramine obtained on reserpinized 
tissues. Log molar concentration of tyramine as abscissa, 
per cent maximum response as ordinate. n= 4. Bars repre- 
sent standard errors. 


TYRAMINE HISTAMINE 
10°3M™ 5*10°3mM 


FIG. 29 Histogram illustrating the effects of induction of tachy- 
phylaxis to tyramine on the responses to histamine and 
tyramine. Per cent maximum response as ordinate. n= 4. 
Bars represent standard errors. 


0 : control response. 


NS: response after induction of tachyphylaxis to tyramine. 
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ELECTR. TYRAMINE HISTAMINE 
STIMUL 10m 5*10°3M 


FIG. 30 Histogram illustrating the effect of guanethidine on the 
responses to electrical stimulation, (ELECTR. STIMUL), tyra- 
mine and histamine. Per cent maximum response as ordinate. 
n= 9. (Electrical stimulation, n = 3). Bars represent 
standard errors. 


(1 : control response. 


BSS : response after 3 x 107-°M guanethidine. 


NA HIST TYRAMINE 
10°°M 5*10°3M 10°5 M 
FIG. 31 Histogram illustrating the effect of cocaine on the responses 


to noradrenaline (NA), histamine (HIST) and tyramine. Per 
cent maximum response as ordinate. n= 9. Bars represent 
standard errors. 


[C] : control response. 


NS: response after 3 x 1075M cocaine. 
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and it was decided to decrease the tyramine concentration to 10 'M or 
10M in the remaining experiments. The possibility also existed 
however, that guanethidine might not be causing sufficient depletion 
of the noradrenaline stores. In addition to its reserpine-like action, 
guanethidine appears to function as a local anesthetic, selective for 
adrenergic nerve terminals (Haeusler et al., 1969). It could thus 
antagonize the effects of nerve stimulation while producing only a 
small inhibition of the response to sympathomimetic agents. It was 
therefore decided that other procedures would be necessary to demon- 
strate clearly the presence or absence of an indirect action of hista- 
mine at adrenergic nerve terminals. 

In the presence of 3 x 10M cocaine, which prevents the neuronal 
uptake of noradrenaline and tyramine (Iverson, 1967), the response to 
TOM tyramine was reduced to about 10% of the control response 
(Fig. 31). This treatment had no effect on the response to histamine, 
while the response to noradrenaline was significantly increased. The 
response to 10° 'M tyramine (not shown) was reduced to about 40% of 
control. 

Treatment of portal veins with 6-hydroxydopamine (6-OHDA), an 
agent which causes selective degeneration of adrenergic nerves 
(Malmfors and Sachs, 1968), abolished the response to 107M tyramine 
(Fig. 32). This treatment also reduced the response to histamine, but 
the response to acetylcholine (5 x 107>M) was reduced by a similar 
amount, suggesting that 6-OHDA could be exerting a non-specific effect 
on the smooth muscle of the tissue. 

The experiments discussed above strongly imply that histamine is 


not acting through release of noradrenaline. Since the response to 
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TYRAMINE HIST. ACH. 
10°4m 5+103M 5x10 M 


FIG. 32 Histogram illustrating the effects of 6-OHDA on the responses 


to tyramine, histamine (HIST) and acetylcholine (ACH). 
cent maximum as ordinate. n= 4. 
errors. 


Per 
Bars represent standard 


OJ : control response. 


SJ: response after 250 ug/ml 6-OHDA. 
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histamine is also insensitive to atropine, it is reasonable to suggest 
that responses to this agonist are mediated by a direct action on the 
smooth muscle of the portal vein. 

E. Receptor Differentiation Through Antagonism 

Since experiments discussed in the previous section had suggested 
a direct action of histamine at a receptor in rabbit portal vein, 
attempts were made to determine the nature of this receptor. The anta- 
gonism of the histamine response by phentolamine suggested that hista- 
mine was acting either at a novel type of histamine receptor, or at a 
receptor at which noradrenaline was also acting. In order to distin- 
guish between these possibilities, attempts were made to block the 
responses to these two agonists with a variety of different antagonists. 
Normally the pA» values of the various antagonists against histamine 
and noradrenaline would be used to determine if these agonists were 
active at the same receptor (Arunlakshana and Schild, 1959). This 
method could not be used in this case however, since it requires that 
the antagonism produced be competitive in nature, and as mentioned 
earlier, the type of antagonism produced against the histamine response 
cannot be determined. Thus the only means of distinguishing between 
the receptors for these two agonists would be on the basis of selective 
antagonism, if an antagonist blocked the response to one agonist but 
not the other. 

The first antagonist chosen was antazoline, an H,-antagonist which 
is structurally very similar to phentolamine (Figs. 33,34). Antazoline 
was found to block the See are response in concentrations (107M and 
Sik 107°) similar to those required by the other H,-antagonists 


employed (Fig. 35). In contrast to the earlier results however, the 
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F1iG..-33 The chemical structure of phentolamine. 


FIG. 34 The chemical structure of antazoline. 
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FIG. 35 


FIG. 36 


The effect of antazoline on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 9. Bars represent 
Standard errors. 


@e-e : control dose-response curve to histamine. 
A-A : histamine response after 10-6M antazoline. 
0-0 : histamine response after 5 x 10-6 antazoline. 


10°8 107 10° 1035 10 


The effect of antazoline on the response to noradrenaline. 
Log molar concentration of noradrenaline as abscissa, per 
cent maximum response as ordinate. n= 6. Bars represent 
standard errors. 


control dose-response curve to noradrenaline. 


e-@e : 
A-A : noradrenaline response after 10-6™ antazoline. 
Oo -0 : noradrenaline response after 5 x 10-6 antazoline. 
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noradrenaline response was also significantly altered by antazoline 
(Fig. 36). 

Efforts were next made to block the responses to histamine and 
noradrenaline with a number of a-adrenergic antagonists. Those used 
were tolazoline, azapetine and dibozane. 

Tolazoline, another imidazoline structurally similar to phentol- 
amine (Fig. 37), acted as an agonist in this tissue (see next section). 
Azapetine (Fig. 38) and dibozane (Fig. 39) were effective antagonists 
of the response to noradrenaline in this preparation, (Figs. 40,41), 
but in the same concentrations (107°, 10-/™) that were employed to 
block this response, both these antagonists were also effective at 
blocking the histamine response (Figs. 42,43). 

It was thus impossible to distinguish between the receptor for 
histamine and the receptor for noradrenaline on the basis of studies 
with reversible antagonists. It was felt however, that examination of 
the action of drugs which act as agonists at histamine receptors in 
other preparations might provide some information about the nature of 


the histamine receptor in portal vein. 


F. Responses to Other Agonists 


Tolazoline was originally classified as an a-adrenergic antagonist, 


although even then its histamine-like actions were recognized (Nickerson, 


Ve: 


1949). Recently, tolazoline has been reported to act as an agonist, both 


at H, receptors and at a-adrenergic receptors (Saunders et al., 1975; 
Yellinvet a1.#7%1975)* 

Betazole is an isomer of histamine, that has been reported to be 
more active at Hj than at Hj receptors (Rosiere and Grossman, 1952). 


Both these agents cause dose-dependent contractions of rabbit 
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FIG. 37 The chemical structure of tolazoline. 


N 
| 
CH2CH= CH2 


FIG. 38 The chemical structure of azapetine. 
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FIG. 39 The chemical structure of dibozane. 
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FIG. 41 


10-7 10°° 1072 1074 


The effect of azapetine on the response to noradrenaline. 
Log molar concentration of noradrenaline as abscissa, per 
cent maximum response as ordinate. n= /7. Bars represent 
standard errors. 


: control dose-response curve to noradrenaline. 
A- <A : noradrenaline response after 10-8M azapetine. 
: noradrenaline response after 10-/M azapetine. 
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The effect of dibozane on the response to noradrenaline. 
Log molar concentration of noradrenaline as abscissa, per 
cent maximum response as ordinate. n=11. Bars represent 
standard errors. 


: control dose-response curve to noradrenaline. 
A-A : noradrenaline response after 1078M dibozane. 
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42 


43 
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The effect of azapetine on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 8. Bars represent 
standard errors. . 


control dose-response curve to histamine. 
histamine response after 10-8M azapetine. 
histamine response after 10-/M azapetine. 
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The effect of dibozane on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent 
maximum response as ordinate. n= 7. Bars represent 
standard errors. 


: control dose-response curve to histamine. 
A-A : histamine response after 10-8M dibozane. 
: histamine response after 10-/M dibozane. 
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vein, tolazoline over a dose-range of 10 /™ to 107 °'M (Fig. 44), and 


Ou to 5x 107°“ (Fig. 45). The 


betazole over a dose-range of 10. 
responses to both these agonists are quite variable, but they show some 
sensitization with time in untreated tissues. Treatment of tissues 

with 6-OHDA had no effect on the responses to these agents (Fig. 46), 

nor was the tolazoline response affected by cocaine. Studies with 
antagonists indicated that as was the case with histamine, phentolamine 
was the most effective antagonist of the responses to these two agonists 
(Figs. 47,48). 

These results indicate that betazole and tolazoline are acting on 
smooth muscle in this tissue, and may be acting at the same receptor as 
histamine, since responses to all three agonists can be blocked with 
phentolamine. 

A comparison was next made of the effects of some histamine 
analogues, N-methyl-histamine (Fig. 49) and 4-methyl-histamine (Fig. 50), 
as well as ethyl-2-pyretamine (Fig. 51) with histamine on portal vein. 
N-methyl-histamine is reported to be more active at H, than Hy receptors, 
while 4-methyl-histamine is more active at Hy than H, receptors (Black 
et al., 1972). Ethyl-2-pyretamine is known to be a partial agonist at 
the H, receptor (Kenakin, 1975). In Fig. 52 the dose-response curves 
to these agonists are plotted as a percentage of the maximum response 
to histamine. The most effective agonist is N-methyl-histamine, while 
both 4-methyl-histamine and ethyl-2-pyretamine are almost inactive. 
Although further studies with antagonists were prevented by lack of 
sufficient quantities of these agonists, it seems apparent that no 
relation can be drawn between activity at either H, or H» receptors in 


other tissues, and activity in portal vein, whether or not it is at the 
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FIG. 44 
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Dose-response curves to tolazoline in untreated tissues, 
Measured at one hour intervals for 5 hours. All results 
expressed as percentage of the initial maximum response at 


one hour. n= 10. 
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initial dose-response curve to tolazoline 


at 2 hours. 
at 3 hours. 
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Dose-response curves to betazole in untreated tissues, 
measured at one hour intervals for 5 hours. All results 
expressed as percentage of the initial maximum response at 
one hour. n= 9. 


: initial dose-response curve to betazole. 
: betazole response at 2 hours. 
: betazole response at 3 hours. 
: betazole response at 4 hours. 
betazole response at 5 hours. 
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TOLAZOL. BETAZOLE TYRAMINE 


5*10°4M 5*10-3my 10-4 M 


Histogram illustrating the effect of 6-OHDA on the responses 
to betazole, tolazoline (tolazol.) and tyramine. Per cent 
maximum response as ordinate. n= 4. Bars represent 
standard errors. 


OO : control response. 


BSS : response after exposure to 250 ug/ml 6-OHDA. 
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The effect of phentolamine on the response to tolazoline. 
Log molar concentration of tolazoline as ebscissa, per cent 
maximum response as ordinate. n= 6. Bars represent 
standard errors. 


control dose-response curve to tolazoline. 


e-e : 
A-A : tolazoline response after 10-/M phentolamine. 
© -o : tolazoline response after a one nour wash with 


normal Krebs. 


10° 10°" 103 10°2 


The effect of phentolamine on the response to betazole. Log 
molar concentration of betazole as abscissa, per cent maximum 
response as ordinate. n= 10. Bars represent standard errors. 


: control dose-response curve to betazole. 
A-A : betazole response after 10-8M phentolamine. 
: betazole response after 10-/7M phentolamine. 
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FIG. 49 The chemical structure of N-methyl-histamine. 


CH3 CH-CH9-NH> 
AEN il. 
FIG. 50 The chemical structure of 4-methyl-histamine. 
—s Clos CH, 
CH 2-CH2-N 
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FIG. 51 The chemical structure of ethyl-2-pyretamine. 
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FIC. -52 


Dose-resporse curves to histamine receptor agonists, obtained 
on the same preparation. All results expressed as a percen- 
tage of the maximum response to histamine. Log molar concen- 
tration as abscissa, per cent maximum response as ordinate. 
n= 4. Bars represent standard errors. 


dose-response curve to histamine. 

dose-response curve to N-methyl-histamine. 
dose-response curve to ethyl-2-pyretamine. 
dose-response curve to 4-methyl-histamine. 
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same receptor as histamine. 

G. Studies with 5-hydroxytryptamine 

5-HT, like histamine, is normally assumed to act through specific 
receptors. These are classified as 'M' receptors, which are present in 
neuronal tissue and blocked by morphine, and 'D' receptors, present in 
smooth muscle and blocked by methysergide (Gaddum and Picarelli, 1957). 
5-HT has also been shown to release noradrenaline in rabbit heart 
(Fozard and Mwaluko, 1976), and in other tissues (Innes, 1962b; 
Pluchino, 1972). Recently it has been reported that in addition to 
these actions, 5-HT can interact with the a-adrenergic receptor in 
rabbit ear artery, and this interaction could be blocked with phentol- 
amine (Apperley et al., 1976). In view of these results, it was decided 
to examine the actions of 5-HT in portal vein, in order to determine 
whether 5-HT and histamine could be acting at the same receptor. 

5-Hydroxytryptamine causes dose-dependent contractions of portal 
vein which occur over a dose-range of 5 x 10°/M tO; ex 107 'M CEA oro). 
Like the histamine response, the response to 5-HT shows sensitization 
with time, reaching a maximal response at 5 hours 60% greater than the 
initial maximum response at one hour. 

Only the responses to low concentrations of 5-hydroxytryptamine 
are blocked with methysergide (10-6), although the sensitization seen 
in normal tissues is reduced in the presence of this antagonist (Fig. 54). 
Methylsergide also appears to reduce the sensitization seen to histamine, 
although it does not antagonize the response to this agonist (Fig. 55). 

The 5-hydroxytryptamine response, to concentrations above ‘Mera is 
blocked by phentolamine (107m), which produces what appears to be a 


competitive type of antagonism (Fig. 56). In order to determine whether 
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53 Dose-response curves to 5-HT, measured at one hour intervals 
for 5 hours. All results expressed as a percentage of the 
initial maximum response at one hour. Log molar concentra- 
tion as abscissa, per cent maximum response as ordinate. 


n= 8. 

e-e : initial dose-response curve to 5-HT. 
A-A : 5-HT response at 2 hours. 

O-o : =5-HT response at 3 hours. 

x - x : 5-HT response at 4 hours. 

o-oo 5-HT response at 5 hours. 
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10°6 10° 1074 10°3 
The effect of methysergide on the response to 5-HT. Log 


molar concentration of 5-HT as abscissa, per cent maximum 
response as ordinate. n= 9. Bars represent standard errors. 


@ -e : control dose-response curve to 5-HT. 
o -9 : 5-HT response after 10-6M methysergide for 2 hours. 


Xx ix 5-HT response after 10-6M methysergide for 3 hours. 


10°6 10° 10°° 10°3 10°2 


The effect of methysergide on the response to histamine. Log 
molar concentration of histamine as abscissa, per cent maximum 
response as ordinate. n= 8. Bars represent standard errors. 


e-e : control dose-response curve to histamine. 
o-9© ; histamine response after 10-6M methysergide for 2 hours. 


x =x histamine response after 10-6M methysergide for 3 hours. 
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0 
10°§ 10° ery 10° 
FIG. 56 The effect of phentolamine on the response to 5-HT. Log molar 
concentration of 5-HT as abscissa, per cent maximum response 
as ordinate. n= 8. Bars represent standard errors. 


@ -@ : control dose-response curve to 5-HT. 
A-A : 5-HT response after 10-/M phentolamine. 


100 


50 


TYR. ELECTR. ACH. HIST. 5-HT 
10°4M STIMUL, 5s10°2M  5*103M 510-9 M 


FIG. 57 Histogram illustrating the effect of 6-OHDA on the responses 
to tyramine (TYR), electrical stimulation (ELECTR. STIMUL.), 
acetylcholine (ACH), histamine (HIST) and 5-HT. Per cent 
maximum response as ordinate. n = 20, (electrical stimulation, 
n= 4). Bars represent standard errors. 


(1) : control response 


NS: response after 250 ug/ml 6-OHDA. 
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5-HT is acting through release of noradrenaline, responses to this 
agonist were measured after treatment of the tissues with 6-OHDA 

(Fig. 57). This treatment, while reducing the responses to tyramine 
and to electrical stimulation to about 10% of the control value, had 
no selective effect on the response to 5-HT, the histamine and acetyl- 
choline responses being reduced by the same amount. 

These results imply that 5-HT is acting directly on smooth muscle 
in portal vein. The antagonism by methysergide of low concentrations 
of 5-HT, and the antagonism by phentolamine of only high concentrations 
of this agonist suggest however, that 5-HT may be combining with two 
distinct sets of receptors, the activation of which depends on the 
concentration of drug employed. 

In order to determine whether 5-HT and histamine were acting at a 
common receptor, an attempt was made to block the 5-HT response with 
diphenhydramine. This H, antagonist had appeared to reduce the response 
to histamine while having little effect on the response to noradrenaline. 
Diphenhydramine did, in fact, cause a depression of the response to 5-HT 
(Fig. 58). The depression of the response to this agonist occurred over 
all concentrations of agonist however, even though other results 
suggested that 5-HT may be acting at two different sets of receptors. 
These results, taken together with the very high concentration of the 
H, antagonists required to block the histamine and 5-HT responses, 
suggest that perhaps the H,-antagonists are causing a somewhat non- 
selective reduction in the responses to these agonists. 

Both the response to histamine and the response to 5-HT are much 
more sensitive to antagonism by phentolamine, than by other antagonists 


studied. Other a-adrenergic antagonists also blocked the histamine 
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FIG. 58 


FIG. 59 


The effect of diphenhydramine on the response to 5-HT. Log 
molar concentration of 5-HT as abscissa, per cent maximum 
response as ordinate. n= 8. Bars represent standard 
errors. 


: control dose-response curve to 5-HT. 
A-A : 5-HT response after 10-6M diphenhydramine. 
: 5-HT response after 5 x 10-6M diphenhydramine. 


NA etal HIST 
104m 521074 5*10°3m 


Histogram illustrating the effect of desensitization to 

5 x 10-4M 5-HT on the maximum responses to noradrenaline 
(NA), histamine (HIST) and 5-HT. Per cent maximum response 
as ordinate. n= 8. Bars represent standard errors. 


(0 : control responses. 


[ : responses after induction of desensitization to 5-HT. 
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response as well as the noradrenaline response. Since both 5-HT and 
histamine appear to be acting directly on smooth muscle in this prepara- 
tion, the evidence obtained so far implies that both these agonists and 
noradrenaline may be acting at the same receptor. As originally out- 
lined in the Introduction, a number of approaches can be taken to deter- 
mine whether or not this possibility is correct, and the results of some 
of these experiments are described in the following sections. 

H. Further Attempts at Receptor Differentiation 

Cross-desensitization should occur between the responses to nor- 
adrenaline, 5-HT and histamine, if these agonists are all acting at the 
same receptor. Desensitization to noradrenaline is very easily induced 
in portal vein, but it has a significant non-specific component, result- 
ing in reduction of the acetylcholine response, as well as the responses 
to histamine and 5-HT. It was therefore decided to induce desensitiza- 
tion to 5-HT instead, and measure the effect of this procedure on the 
responses to noradrenaline and histamine. It was difficult to induce 
desensitization of the portal vein to this agonist, but when the response 
tO “S-HT "(5° x 107") was reduced to about 50% of the control value, the 
histamine response (5 x 107>M) was reduced by the same amount, while the 
noradrenaline response (107M) appeared unaffected (Fig. 59). 

At least two explanations of this phenomenon are possible. First, 
histamine and 5-HT could be acting at a common receptor, at which nor- 
adrenaline is not acting. The second, which is discussed more fully 
later, is that 5-HT and histamine are weak partial agonists at the 
a-adrenergic receptor in this preparation. 

In order to examine the second possibility, dose-response curves 


to all three agonists were obtained on the same preparations, and plotted 
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as a percentage of the maximum response to noradrenaline (Fig. 60). 
Even after the responses to histamine and 5-HT had been allowed to 
sensitize for 5 hours, the maximum response to histamine was only 75% 
and that to 5-HT only 85% of the maximum response to noradrenaline. 
In addition, there was approximately a one hundred-fold difference 
between the EDsg to noradrenaline (2 x 10° /™) and that to 5-HT (107°M) , 
while the EDs5g to histamine (10774) occurred at almost one thousand 
times the concentration of that to noradrenaline. 

These results indicate that if these agonists all act at the same 
receptor, noradrenaline would have to be considered a full agonist, 
and 5-HT and histamine partial agonists. In this case, using equi- 
effective concentrations of each agonist, in the EDs5g9 range, would pro- 
vide a truer measure of the effects of inducing desensitization than 
using the concentration of each agonist required for a maximum response. 

Desensitization was again induced to 5-HT (5 x Vomee but this 
time, the effects were measured using equi-active doses of each agonist 
(Fig. 61). The responses to histamine (2 x 10-°M), 5-HT (107"m) and 
noradrenaline(2 x 107m) were all reduced by this procedure, while the 
response to acetylcholine (10 -M) was unaffected. The histamine 
response in this case appears less affected by this treatment but this 
may reflect a relatively greater increase in sensitivity to this con- 
centration of histamine, rather than a reduced susceptibility to desen- 
sitization by 5-HT. 

These results provide support for the hypothesis that all three 
agonists are acting at the same receptor. Ariens et al. (1964) have 
provided evidence indicating that agents which act as partial agonists 


should also behave as partial antagonists of the responses to full 
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FIG. 61 


107 10% 19°° 10°* 10° 10°? 
Dose-response curves to noradrenaline, 5-HT and histamine, 
obtained on the same preparations 5 hours after the experi- 
ment was begun. All results expressed as a percentage of 
the maximum response to noradrenaline. Log molar concen- 
tration as abscissa, per cent maximum response as ordinate. 
n= 8. Bars represent standard errors. 


e -@ : dose-response curve to noradrenaline. 
A-A : dose-response curve to 5-HT. 
© -0o : dose-response curve to histamine. 


HIST 5- HT NA ACH 
2+103mM 107M. 2810°7M_—s10°9 M 


Histogram illustrating the effect of desensitization to 

5 x 10-4M 5-HT on the responses to equiactive doses of 
histamine (HIST), noradrenaline (NA), 5-HT and acetylcholine 
(ACH). Per cent maximum response as ordinate. n= 7. Bars 
represent standard errors. 


(J : control responses. 


SJ: responses after induction of desensitization to 5-HT. 


94. 


= " 4 : 
ee 
\ 
ay “a 
| ‘ 
a S| 
7 . 
% 
. 


TV hgentethiasn bes iit: sar 
ie a af “Selie aca zg Jaa 
SSas Ao ois” Bae sseaotieek ae 
i. zt - a x oe iu : 
nieve a oe DENY) ee r 
ONL DiS OS SERbqe ss. WA 


; on Sel ; see 
Me 
i 
i aga 
j : A R 
won 4 F Pa | " wei 


i 


agonists in the same preparation. In this situation then, it should be 


possible to antagonize the response to noradrenaline with either hista- 


mine or 5-HT. Initial attempts to do so were unsuccessful, and it was 


felt that the high concentrations of histamine and 5-HT being employed 


might be interfering with the uptake of noradrenaline. If this was 


occurring, then any antagonism of the response to noradrenaline would be 


concealed by the corresponding increase in sensitivity to this compound 


which is known to occur on inhibition of uptake (Trendelenburg, 1966). 


Thus it was decided first to block neuronal noradrenaline uptake with 


cocaine (3 x TOMMY, and then to measure the effects of 5-HT and hista- 


mine on the noradrenaline response in the presence of cocaine. This 


procedure would be expected to minimize any further 


increase in sensi- 


tivity to noradrenaline due to the presence of histamine or 5-HT, 


allowing events occurring at the receptor to become 
The results of antagonism of the noradrenaline 
histamine are shown in Fig. 62. Two concentrations 


10 > and 57x 10 ->M, were used, but only the higher 


any significant effect on the response to noradrenaline. 


more evident. 
response with 
of histamine, 


concentration had 


the antagonism produced by histamine is difficult to describe however, 


although it does not appear to be a simple competitive type of antago- 


- -4 
nism. 5-HT, in concentrations of 10 ay and 5 x10 M, had no signifi- 


cant effect on the response to noradrenaline (Fig. 63), even in the 


presence of cocaine. 


I. Receptor Protection Experiments 


In experiments involving receptor protection, each agonist, hista- 


mine, noradrenaline and 5-HT, was used as a protecting agent, in an 


The nature of 


0 a 


attempt to prevent blockade of the responses to each of the other agonists 
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FIG. 62 


FIG. 


63 


96. 


The effect of histamine on the response to noradrenaline. 

Log molar concentration of noradrenaline as abscissa, per 

cent maximum response as ordinate. n= 9. Bars represent 
standard errors. 

control dose-response curve to noradrenaline. 


: noradrenaline response after 10-3M histamine. 
: noradrenaline response after 5 x 1073M histamine. 
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The effect of 5-HT on the response to noradrenaline. Log 
molar concentration of noradrenaline as abscissa, per cent 
maximum response as ordinate. n= 6. Bars represent 
standard errors. 

:. control dose-response curve to noradrenaline. 


noradrenaline response after 10-4M 5-HT. 
: noradrenaline response after 5 x 10-4M 5-HT. 
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with the irreversible antagonist, phenoxybenzamine (POB). Phentolamine 
was also used as a protecting agent of the responses to all three 
agonists, while attempts were made to protect the histamine response 
with diphenhydramine. Concentrations of each agonist required to pro- 
duce the maximum response were used for protection, while the concen- 
tration of phentolamine used was 5 x 107M and that of diphenhydramine 
5 x 10M. 

Initially, dose-response curves to each agonist in the presence of 
POB alone were obtained. POB (5 x 107M) depressed the maximum response 
to noradrenaline to 60% of the control value (Fig. 64). This response 
was established within 15 minutes after the addition of the antagonist 
to the bath, and appeared irreversible, since washing for up to 3 hours 
in the presence of sodium thiosulfate produced no reversal of the 
blockade. 

This same concentration of POB (5 x unas also produced blockade 
of the responses to histamine and 5-HT. The histamine response was 
reduced to about 50% of the initial maximum response (Fig. 65). When 
the histamine response in the presence of POB is plotted on the same 
graph as the histamine response in untreated paired controls obtained 
at the same time, it can be seen that the true blockade produced is 
actually greater than 50% (Fig. 66). The 5-HT response after exposure 
to POB is reduced to less than 70% of the control maximum response 
(Fig. 67). Although untreated paired controls were not measured, it is 
likely that this is also an underestimation of the amount of blockade 
produced, since there is significant sensitization of the tissue to 
5-HT also. The response to concentrations of 5-HT below 5 x 10-°M were 


not blocked by this concentration of POB, so results obtained at these 
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FIG. 64 


FIG. 


65 
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10°8 10°7 10°6 1079 10°4 


The effect of POB on the response to noracrenaline. Log 
molar concentration of noradrenaline as abscissa, per cent 
maximum response as ordinate. n= 4. Bars represent 
standard errors. 


@-e : control dose-response curve to noradrenaline. 
A-A : noradrenaline response after 5 x 10-9M POB 
(3 minutes). 


10°7 10°° 10°° 1074 10°3 


10°2 


The effect of POB on the response to histamine. Log molar 
concentration of histamine as abscissa, per cent maximum 
response as ordinate. n= 22. Bars represent standard 
errors. 


initial dose-response curve to histamine. 


A-A 


histamine response after 5 x 10-9M POB (3 minutes). 
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FIG. 66 


FIG. 67 
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10-6 10° 10° 10°3 10° 
The histamine response obtained on paired unblocked control 
tissues, plotted on the same graph as the histamine response 
after blockade with POB. Log molar concentration of hista- 
mine as abscissa, per cent maximum response as ordinate. 
n= 8. Bars represent standard errors. 


@-e : histamine response of paired unblocked controls. 
A-A : histamine response after 5 x 10-9M POB (3 minutes). 


1077 10°6 10-2 10°4 10°3 


The effect of POB on the response to 5-HT. Log molar concen- 
tration of 5-HT as abscissa, per cent maximum response as 
ordinate. n= 14. Bars represent standard errors. 


control dose-response curve to 5-HT. 
5-HT response after 5 x 10-9M POB (3 minutes). 
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concentrations were omitted from the graphs of results of protection 
experiments. 

The results of self-protection of the responses to each agonist 
were next obtained. The noradrenaline response was fully protected 
against POB blockade with 107“ noradrenaline (Fig. 68). 5-HT 
Coax 107m) provided partial protection of the response to 5-HT 
(Fig. 69). The histamine response was also partially protected against 
Pon blockade witnie ee TOmemenietamine (Riga iO) 

None of the other agents used to protect the noradrenaline response 
gave full protection. Phentolamine (5 x 10° 7M) gave almost complete 
protection however, even when used in a concentration somewhat lower 
than is usual for protection experiments (Fig. 71). 5-HT (5 x 107") 
also gave significant protection of the noradrenaline response 
(Fig. 72), while histamine (5 x 10>) provided only partial protection 
CPi Gea) 3) 4 

The histamine response was fully protected by noradrenaline 
Clon) ; although this concentration also caused significant desensi- 
tization of the response to histamine, which was not completely 
reversed even after a one hour wash period (Fig. 74). Phentolamine 
ax 107M) protected the histamine response partially but signifi- 
cantly against POB blockade (Fig. 75), while 5-HT (5 x 107"™) provided 
complete protection (Fig. 76). Since diphenhydramine had been shown 
earlier to reduce the histamine response, and the suggestion was made 
that this antagonism was non-selective (see Section F), it was of 
interest to determine whether or not this antagonist could protect the 
histamine response. Results are shown in Fig. 77; diphenhydramine 


(5.x 107M) does not appear to protect the histamine response against 
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FIG. 68 The effect of protection with 10-4M noradrenaline on the 
blockade of the noradrenaline response by POB. Log molar 
concentration of noradrenaline as abscissa, per cent maximum 
response as ordinate. n= 6. Bars represent standard errors. 


initial dose-response curve to ncradrenaline. 
noradrenaline response after POB alone (‘control 
blocked"). 

O -S : noradrenaline response after POB plus noradrena- 
line ('protected blocked'). 
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FIG. 69 The effect of protection with 5 x 107-4M 5-HT on the blockade 
of the 5-HT response by POB. Log molar concentration of 5-HT 
as abscissa, per cent maximum response as ordinate. n= 6. 
Bars represent standard errors. 


®-8 ; 5-HT response after 5-HT alone ('control'). 
A-A : 5-HT response after POB alone (‘control blocked"). 
o -G : 5-HT response after POB plus 5-HT ('protected 


blocked"). 
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FIG. 70 


FIG. 
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102, 


19°78 10°5 10°4 10° 


The effect of protection with 5 x 10-3M histamine on the 
blockade of the histamine response by POB. Log molar con- 
centration of histamine as abscissa, per cent maximum 
response as ordinate. n= 8. Bars represent standard errors. 


initial dose-response curve to histamine. 


e-e : 
A-A : histamine response after POB alone (‘control blocked’). 
o-0O : histamine response after POB plus histamine ('protected 


blocked"). 


The effect of protection with 5 x 10-/M phentolamine on the 
blockade of the noradrenaline response by POB.. Log molar 
concentration of noradrenaline as abscissa, per cent maximum 
response as ordinate. n= 6. Bars represent standard errors. 


initial dose-response curve to noradrenaline. 


e-e : 

A-A : noradrenaline response after POB alone (‘control 
blocked'). 

O-6G : noradrenaline response after POB plus phentolamine 


("protected blocked"). 
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FIG. 72 The effect of protection with 5 x 10-4M 5-HT on the blockade 
of the noradrenaline response by POB. Log molar concentration 
of noradrenaline as abscissa, per cent maximum response as 
ordinate. n= 6. Bars represent standard errors. 


initial dose-response curve to noradrenaline. 
noradrenaline response after POB alone (‘control blocked"). 
noradrenaline response after POB plus 5-HT ('protected 


blocked'). 
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FIG. 73 The effect of protection with 5 x 10-3M histamine on the 
blockade of the noradrenaline response by POB. Log molar 
concentration of noradrenaline as abscissa, per cent maximum 
response as ordinate. n= 7. Bars represent standard errors. 


initial dose-response curve to noradrenaline. 


e-e ;: 
A- A: noradrenaline response after POB alone ('control blocked'). 
6-0 : noradrenaline response after POB plus histamine ('protected 


blocked"). 
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FIG. 74 The effect of protection with 10-4M noradrenaline on the 
blockade of the histamine response by POB. Log molar con- 
centration of histamine as abscissa, per cent maximum response 
as ordinate. n= 10. Bars represent standard error. 


e-e : histamine response after 107" noradrenaline alone. 
("control"). 

histamine response after POB alone (‘control blocked'). 
histamine response after POB plus noradrenaline 
('protected blocked'). 
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FIG 75 The effect of protection with 5 x 10-/M phentolamine on the 
blockade of the histamine résponse by POB. Log molar concen- 
tration of histamine as abscissa, per cent maximum response 
as ordinate. n= 8. Bars represent standard errors. 


e -e : histamine response after phentolamine alone ('control'). 

A-A : histamine response after POB alone ('control blocked"). 

o-0 : histamine response after POB plus phentolamine ('pro- 
tected blocked'). 
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FIG. 76 The effect of protection with 5 x 10-4M 5-HT on the blockade 
of the histamine response by POB. Log molar concentration of 
histamine as abscissa, per cent maximum response as ordinate. 
n= 6. Bars represent standard errors. 


histamine response after 5-HT alone ('control"). 
histamine response after POB alone (‘control blocked"). 
histamine response after POB plus 5-HT ('protected 
blocked'). 
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FIG. 77 The effect of protection with 5 x 10-6M diphenhydramine on 
the blockade of the histamine response by POB. Log molar 


concentration of histamine as abscissa, per cent maximum 
response as ordinate. n= 7. Bars represent standard errors. 


histamine response after diphenhydramine alone ('control') 


e-e : 
A-A : histamine response after POB alone (‘control blocked'). 
0-0 : histamine response after POB plus diphenhydramine 


(‘protected blocked'). 
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POB blockade, even in a concentration sufficient to reduce the histamine 
response to 40% of the control value. 

The response to 5-HT, when protected with noradrenaline (107m), 
is somewhat unusual (Fig. 78). In tissues treated with POB, the 5-HT 
response after exposure to noradrenaline is increased over the 5-HT 
response in unblocked tissues after exposure to noradrenaline. The 
reason for this phenomenon is not clear at this time, but certainly 
noradrenaline does protect the response to 5-HT. Phentolamine 
CS. x 10° ’™) also protects the 5-HT response against blockade with POB 
(Fig. 79), appearing to protect the response at high concentrations of 
5-HT somewhat better than the lower concentrations. The response to 
5-HT is not protected significantly by histamine (5 x 10>) (Fig. 80). 

The technique of receptor protection has come under a good deal 
of criticism, mainly as a result of the very high concentrations of 
protecting agents commonly used, which may provide non-specific protec- 
tion of sites other than the one through which the agent has its action 
(Waud, 1962). In the experiments described in this section the concen- 
tration of phentolamine used for protection was deliberately kept low 
OS x 10° /™) in order to avoid this problem. It was not possible to 
reduce the concentrations of agonists used for protection however, 
because the concentrations of 5-HT and histamine necessary to produce 
the maximum response were very high, and these were felt to be the 
minimum concentrations necessary for significant phe eee onbte occur. 
Therefore, to determine whether the concentrations of agonists used as 
protective agents were providing non-specific protection, attempts were 
made to protect the acetylcholine response against POB blockade with 


each of them. Although it was hoped that this method might give some 
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The effect of protection with 107-4M noradrenaline on the 
blockade of the 5-HT response by POB. Log molar concentra- 
tion of 5-HT as abscissa, per cent maximum response as 
ordinate. n= 6. Bars represent standard errors. 


e-e : initial dose-response curve to 5-HT. 


107%. 


ws - 8 : 5-HT response after noradrenaline alone (‘control’). 


A-4A : 5-HT response after POB alone (‘control blocked"). 


6 -o : S-HT response after POB plus noradrenaline (‘protected 


blocked'). 


19°§ 10° 10°4 10°3 


The effect of protection with 5 x 10-/M phentolamine on the 
blockade of the 5-HT response by POB. Log molar concentra- 
tion of 5-HT as abscissa, per cent maximum response as 
ordinate. n= 5. Bars represent standard errors. 


=e -s : 5-HT response after phentolamine alone ('control'). 


A‘'- A 3: 5-HT response after POB alone (‘control blocked'). 


0-0 : 5-HT response after POB plus phentolamine (‘protected 


blocked"). 
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FIG. 81 
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The effect of protection with 5 x 10-3M histamine on the 


blockade of the 5-HT response by POB. 


Log molar concentration 


of 5-HT as abscissa, per cent maximum response as ordinate. 


n= 6. 
e-e : 
A-A 3 
o-oo 


Bars represent standard errors. 


5-HT response after histamine alone ('control'). 
5-HT response after POB alone (‘control blocked'). 
5-HT response after POB plus histamine ('protected 
blocked'). 
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The effect of protection with 10-4M noradrenaline on the 


blockade 


of the acetylcholine response by POB. Log molar 


concentration of acetylcholine as abscissa, per cent maximum 


response 
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as ordinate. n= 6. Bars represent standard errors. 


initial dose-response curve to acetylcholine. 

acetylcholine response after noradrenaline alone ('control'). 
acetylcholine response after POB alone (‘control blocked'). 
acetylcholine response after POB plus noradrenaline 
("protected blocked"). 
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indication of the specificity of the protection afforded by each of 
these agonists, this information was limited by the fact that the con- 
centration of POB necessary to reduce the acetylcholine response to 
60% of the control value was in the range of 5 x 10° ¥ to 10 °M. This 
is 100-200 times the concentration of POB necessary to block the nor- 
adrenaline response to the same extent, and concentrations of agonist 
which protect against blockade by the low concentration of POB might 
not be expected to have an effect against the high concentrations. 

Noradrenaline (107 "m) provided no protection of the acetylcholine 
response against blockade by 10M POB (Fig. 81). The response to Ach, 
like the responses to other agonists tested, was desensitized by nor- 
adrenaline, and the desensitization was not fully reversed by washing 
the tissues for one hour. Unlike the responses to the other agonists 
however, when the Ach response is blocked with POB in the presence of 
noradrenaline, this response is reduced to less than the response 
obtained after blockade with POB alone. 

When the response to Ach is protected against 5 x 10° /M POB with 
5-HT (5 x 107“) , however, 5-HT is found to provide almost complete 


protection of the Ach response (Fig. 82). This occurs even though 


5-HT has no apparent action through cholinergic receptors, the response 


to 5-HT being unaffected by 10M atropine (Fig. 83). 
The Ach response is not significantly protected against blockade 
by 107°M POB when histamine (5 x 10>) is used as the protecting 


agent (Fig. 84). 
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FIG. 82 The effect of protection with 5 x 10-4M 5-HT on the blockade 
of the acetylcholine response by POB. Log molar concentration 
of acetylcholine as abscissa, per cent maximum response as 
ordinate. n= 6. Bars represent standard errors. 


acetylcholine response after 5-HT alone ('control'). 

A-A : acetylcholine response after POB alone (‘control blocked"). 
O-o0 : acetylcholine response after POB plus 5-HT (‘protected 
blocked"). 
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FIG. 83 The effect of atropine on the response to 5-HT. Log molar 
concentration of 5-HT as abscissa, per cent maximum response 
as ordinate. n#= 5. Bars represent standard errors. 


e-e : control dose-response curve to 5-HT. 
A-A : 5-HT response after 10-7M atropine. 
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The effect of protection with 5 x 107° histamine on the 


blockade of the acetylcholine response by POB. Log molar 
concentration of acetylcholine as abscissa, per cent maximum 
response as ordinate. n= 6. Bars represent standard errors. 


®-s : acetylcholine response after histamine alone ('control"). 

A-A : acetylcholine response after POB alone (‘control blocked'). 

0-0 : acetylcholine response after POB plus histamine (‘protected 
blocked"). 
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pu THE UPTAKE AND EFFLUX OF [2H] -NORADRENALINE 


The experiments described in this section were conducted for two 
_Yeasons. The first was to determine whether the conclusions concerning 
the release of noradrenaline by histamine and 5-HT in isolated tissues 
were supported by direct measurement of lon meroradcenaline efflux. The 
second was to provide some information concerning the mechanism of the 
sensitization of rabbit portal vein to histamine; this is discussed in 
pection rir, 

The uptake of lence irenaline was measured for 60 minutes, in 
the presence and absence of cocaine (Fig. 85). The T/M ratio in the 
absence of cocaine reaches approximately 4.5 g/ml after 60 minutes, 
which indicates that accumulation of noradrenaline into the tissue 
is taking place. Uptake of noradrenaline in the presence of cocaine 
is reduced but not abolished, suggesting that both neuronal uptake 
(cocaine sensitive), and non-neuronal uptake (cocaine insensitive) 
occurs in this tissue. 

The efflux of PE owimocradncnaline was also followed, and appeared 
to consist of at least two major phases (Fig. 86). Loss of tracer from 
the initial fast compartment was essentially complete within 20 to 30 


minutes of the start of the efflux period. The slower component had a 


123 


much longer half-time and was the only detectable compartment responsible 


for tracer loss by 70 minutes, when the addition of drugs took place. 
This slow component is believed to result from the efflux of noradrena- 
line from sympathetic nerve terminals (Paton, 1973). 

When tyramine (107"wy, 5-HT (5 x 10-*™) or histamine (5 x 10>) 
are placed in the bathing medium, there is an immediate significant 


increase in the efflux coefficient of ff nienoredcene late (Fig 22686); 
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FIG. 85 The uptake of feplececadrenaiines T/M ratio (g/ml) as 
ordinate, time in minutes as abscissa n= 4. Bars 
represent standard errors. 


e-e : uptake in untreated tissues. 
x - x : uptake in the presence of 3 x 107°M cocaine. 


Significance obtained using the t-test for paired data. 
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FIG. 86 [°H]-noradrenaline efflux under control conditions. Efflux 


coefficient (Ego) as ordinate, time in minutes as abscissa, 
Time O to 65 minutes, n - 23. Bars represent standard 
errors. 


o-o : efflux from untreated tissues (n = 6). 

x -x : efflux from tissues treated with 5 x 1072M hista- 
mine (n = 6). 

A-A : efflux from tissues treated with 5 x 1074M 5-HT 
(n = 6). 

o0-o : efflux from tissues treated with 10-4M tyramine 
(n = 5). 
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which appears to be of the same magnitude for each agent. Phenylephrine 
has been shown to cause an efflux of jsneradvenaline: which is 
unrelated to its major mode of action. This occurred when efflux took 
place in the presence of monoamine oxidase and catechol-O-methyl 
transferase inhibitors, and was much reduced in the absence of these 
agents (D.M. Paton, personal communication). In order to determine 
whether a similar mechanism accounted for the release of Puiemeradrende 
line by 5-HT and histamine in this preparation, efflux was monitored in 
the absence of pargyline and tropolone. The results are shown in 

Fig. 87. The overall efflux coefficients are lower than those measured 
in tissues in the presence of inhibitors. However, 5-HT and histamine 
still cause a significant increase in efflux, and this increase is not 
different from that caused by tyramine. 

Thus the possibility again arose that histamine and 5-HT are acting 
by noradrenaline release, but that for some reason, treatment of isolated 
preparations with cocaine or 6-OHDA resulted in the abolition of the 
release by tyramine but not by 5-HT and histamine. In order to examine 
this possibility further, preparations were treated with cocaine and 
6-OHDA before the effects of tyramine, histamine or 5-HT on efflux were 
measured. 

Pre-treatment of preparations with cocaine before the addition of 
agonists resulted in a significant decrease compared to control in the 
Fea lcneradranaiane efflux measured in the presence of all the agonists 
(Figs. 88,89). Yet earlier results had indicated that exposure of iso- 
lated preparations to cocaine resulted in a significant decrease in the 
contractile response to tyramine but not histamine (Fig. 31) or 5-HT. 


The 6-OHDA-treated preparations were treated in a similar manner to 
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(7H]-noradrenaline efflux measured in the absence of monoarine 
oxidase and catechol-O-methyl transferase inhibitors. Efflux 
coefficient (E,g) as ordinate, time in minutes as abscissa. 
Time 0 to 65 minutes, n = 22. Bars represent standard errors. 


e-e : efflux from untreated tissues (n = 6). 

x -x : efflux from tissues treated with 5 x 10-3M histamine 
(n = 6). 

A-A : efflux from tissues treated with 5 x 10-4mM 5-HT 
(n = 6). 

o-o : efflux from tissues treated with 1074™ tyramine 
(n ee 5). 
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The effect of drugs on the efflux of [3H] -noradrenaline from 
untreated tissues and tissues treated with cocaine. Efflux 

coefficient (E,9) as ordinate, time in minutes as abscissa. 

n= 4, Bars represent standard errors. 


A. Efflux from control tissues 

B. Efflux from tissues treated with 5 x 1073M histamine. 
©o-o 3: untreated tissues. 

x - x $: tissues treated with 3 x 107M cocaine. 


Significance obtained using the t-test for paired data. 


\ 
} 


] 


ae 


er a romeo ee) ee ea - 
= / 
2 


a 
1 


= § 


7 a = + eo — 


it ibs Ki ia: Bie +3 oa 


d 


pansy vee Wary Decay 1) 


es o ine Te ia 


025 


.020 


015 


BO eOLe 190 aco Sy h a Oafoe Ome cle 


The effect of drugs on the efflux of [7H]-noradrenaline from 
untreated tissues and tissues treated with cocaine. Efflux 
coefficient as ordinate, time in minutes as abscissa. 


A. Efflux from tissues treated with 5 x 1074M 5-HT. 
B. Efflux from tissues treated with 10-5M tyramine. 


o-oo 3: untreated tissues. 
x -x : tissues treated with 3 x 107°9M cocaine. 


Significance obtained using the t-test for paired data. 
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the isolated preparations - after a 15 minute exposure to 6-OHDA the 
tissues were washed for 2 hours before being placed in a solution con- 
taining the drug to be tested. Results of efflux from control tissues 
are shown in Fig. 90a. Efflux from tissues treated with 6-OHDA was 
lower than that in control tissues, but was not abolished. The effect 
of 6-OHDA treatment on efflux in the presence of drugs is shown in 
Figs. 90b and 91 - in all cases, after 6-OHDA treatment, there was no 
significant increase in efflux as occurred in control preparations 
when tissues were treated with histamine, 5-HT or tyramine. 

This treatment results in almost abolishing the pharmacological 
response to tyramine, but has no selective effect on the response to 
5-HT or histamine (see Section F). Thus although both these agonists 
appear to cause some release of loudeneradvenaline. this does not seem 
to be the means by which they have their main action. The possibility 
that release of noradrenaline by these agonists might be involved in 


the sensitization seen to them is discussed in the next section. 


III THE MECHANISM OF SENSITIZATION 
The sensitization of rabbit portal vein to histamine was first 

mentioned in Section I-A. The sensitization develops with time, and 
seems specific for histamine, since it was not seen to occur to nor- 
adrenaline and acetylcholine. The amount of sensitization seen was 
reduced in tissues taken from rabbits pre-treated with reserpine; in 
Fig. 92, the dose-response curves to histamine obtained after 5 hours 
from reserpinized tissues and control tissues are plotted on the same 
graph for comparison. These results led to the conclusion that the 


sensitization was specific for histamine, and might have an adrenergic 
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The effect of drugs on the efflux of (7H]-noradrenaline from 
untreated tissues and tissues treated with 6-OHDA. Ef flux 
coefficient (Eco) as ordinate, time in minutes as abscissa. 
n = 4. Bars represent standard errors. 


A. Efflux from control tissues. 
B. Efflux from tissues treated with Ts ¢ 107°M histamine. 


0-0 : untreated tissues. 
x-x : tissues treated with 250 ug/ml 6-OHDA. 


Significance obtained using the t-test for paired data. 
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The effect of drugs on the efflux of [3H]-noradrenaline from 
untreated tissues and tissues treated with 6-OHDA. Efflux 
coefficient as ordinate, time in minutes as abscissa. 


A. Efflux from tissues treated with 5 x 10-4M 5-HT. 
B. Efflux from tissues treated with 10-°M tyramine. 


o-o : untreated tissues. 
x -x : tissues treated with 3 x 1075M 6-OHDA. 


Significance obtained using the t-test for paired data. 
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Dose-response curves to histamine obtained in normal tissues 
and reserpinized tissues five hours after the start of the 
experiment, and expressed as a percentage of the initial 
maximum response at one hour. Log molar concentration of 


histamine as abscissa, per cent maximum response as ordinate. 


Bars represent standard errors. 


initial dose-response curve to histamine. 
histamine response in reserpinized tissues after 
5 hours. n- 13. 
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A-A : histamine response in normal tissues after 5 hours. 
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component. 

Further examination of other agonists however, indicated that an 
increase in the sensitivity of the preparation was not confined to 
histamine. The responses to 5-HT were found to sensitize almost to the 
same extent as those to histamine (Fig. 53). In addition some increase 
in sensitivity was also found in the case of tolazoline (Fig. 45) and 
betazole (Fig. 46), although the tolazoline response began to decrease 
at 5 hours, at a time when the responses to histamine and 5-HT were 
still increasing in sensitivity. These results indicate that the 
increase in sensitivity is thus not specific for histamine, although 
it does not appear to be a result of an overall increase in the ability 
of the preparation to contract. This conclusion is supported by the 
fact that there is no apparent increase in the sensitivity to acetyl- 
choline, when preparations are first exposed to acetylcholine, then 
histamine and then to acetylcholine again (Fig. 93). 

Another possibility is that histamine might be causing or prevent- 
ing the release of prostaglandins in this preparation. Prostaglandins 
have been implicated in the regulation of noradrenaline release in 
portal vein (Greenberg, 1974, 1975) as well as in other preparations. 
In addition, much evidence exists to suggest that prostaglandin Follesee 
may influence the sensitivity of various tissues to exogenous agonists 
(Jobke et al., 1976; Orehek et al., 1975).° Dose-response curves 
obtained to histamine in the presence of indomethacin (3 x aero a 
prostaglandin synthetase inhibitor (Vane, 1971), are no different from 
control, however (Fig. 94). It therefore appears that prostaglandins 


are not involved in the sensitivity increase seen to histamine in this 


preparation. 
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FIG. 93 Dose-response curves obtained to acetylcholine, before and 
after exposure of the tissues to histamine. Log molar 
concentration of acetylcholine as abscissa, per cent maximum 
response as ordinate. n= 3. Bars represent standard errors. 


e-e : initial dose-response curve te acetylcholine at one 
hour. 

A-A : acetylchuline response at 5 hours, after exposure 
of tissues to histamine at 2, 3 and 4 hours. 


ap 


aria at 
‘ 


it ih o ban : u 
‘- 


‘ 
ae 


~ 


_--——- 


— 
¥ 


‘s. A Ve / 
, he aed a3 
f on J J r 


, 
Grigg maids koedo ites 


b- ied 4 me, Shr hie M 
, ij aca OF v mm 

= i ) ) 
ty : f H 


hud evicted. .d4} vedas 
salon got soni 

ugg Mansy ott . 

peoeRe vrabiaK ya, 


' 
7 . 
‘ Hf mi 


my it ih 
ad SN lis ey A \ 
var 


Dee mi Sehhiahote 
dig tages tosh Pe aie 2 igs satlidetgions 1 A= 8 
anibinal a, ha t os atanate rio: we Bt. alt ae Re i 

; i eames Mae GC A ee ac) | aa 
é Jah RW RG. ae 3 ; nets i } 
i ne ms 4) ie a ar sal ni Kadir af ui an 
ie nin Wie Oh Ai 

fu 4, sh fi ty ms 1h 

y 7 +) or i) 
oe i iY . Biting . 
af i WG eat ni f , » . n oy ie he | av We hy 4 1% | i Wa 


150 


100 


50 


Ba ys 


10°° 10° 10°74 10°3 1072 


The effect of indomethacin on the response to histamine. 
Indomethacin remained in contact with the tissues for 3 hours; 
the initial and the final dose-response curves were obtained 
in the absence of this agent. All results were expressed as a 
percentage of the initial maximum response at one hour. Log 
molar concentration of histamine as abscissa, per cent maximum 
response as ordinate. n = 3. 


initial dose-response curve to histamine. 
: histamine response at 2 hours in presence of indomethacin. 
histamine response at 3 hours in presence of indomethacin. 
: histamine response at 4 hours in presence of indomethacin. 
: histamine response at 5 hours in absence of indomethacin. 
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The fact that there was a smaller increase in sensitivity to hista- 
mine in reserpinized tissues than in control tissues led to the hypothe- 
sis that perhaps histamine, while primarily acting directly on smooth 
muscle, was also causing noradrenaline release and that this action 
became more marked with time. The release would be reduced but not 
abolished in reserpinized tissues because they do not appear to be 
fully reserpinized, and still respond to tyramine (Fig. 28). If this 
was so, then the increase in sensitivity to histamine should be abolished 
in tissues treated with 6-OHDA. This was found to be true (Fig. 95). 
While the maximum response in control tissues increased to 35% greater 
than the initial response, the maximum response in tissues treated with 
6-OHDA was slightly reduced after 2 hours, and did not significantly 
increase on washing for another hour. 

Finally, if histamine were causing release of noradrenaline by a 
tyramine-like mechanism, which involves active uptake and displacement 
of noradrenaline from sympathetic nerve terminals (Trendelenburg, 1972), 
then this action should be inhibited by cocaine. This was found not to 
be the case. When the histamine response is measured in the presence 
of cocaine (Fig. 96), the overall sensitization seen is not significantly 
different than that found in control tissues (Fig. 97). The histamine 
dose-response curve obtained immediately after the addition of cocaine 
did not sensitize over the control, but the significance of this result 
is unclear, since the remaining dose-response curves did show sensitiza- 
tion. 


Time limitations prevented further exploration of this problem. 
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Histogram illustrating the effect of 6-OHDA on the sensitiza- 
tion to histamine. 


Per cent maximum response as ordinate. 


A. Control tissues. 

B. 6-OHDA treated tissues. 

(J : control response. 

B§ : response after 250 ug/ml 6-OHDA, then 2 hour wash 
(6-OHDA treated tissues) response after 2 hour wash 
alone (control tissues). 

1 : 


response after further one hour wash. 
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The effect of cocaine on the sensitization of the histamine 
response. Cocaine was added immediately after the first 
dose-response curve was obtained, and remained in contact 
with the tissue for the remainder of the experiment. All 
results expressed as a percentage of the initial maximum 
response at one hour. Log molar concentration of histamine 
as abscissa, per cent maximum response as ordinate. n= 6. 


initial dose-response curve to histamine. 
histamine response at 2 hours. 
histamine response at 3 hours. 

histamine response at 4 hours. 

histamine response at 5 hours. 
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Dose-response curves to histamine obtained in paired control 
tissues, in the absence of cocaine. All results expressed 
as a percentage of the initial maximum response. Log molar 
concentration of histamine as abscissa, per cent maximum 
response as ordinate. n = 6. 


initial dose-response curve to histamine 
histamine response at 2 hours. 
histamine response at 3 hours. 
histamine response at 4 hours. 
histamine response at 5 hours. 
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DISCUSSION 
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a3 SUMMARY OF RESULTS 

The results described in the preceding chapter can be summarized 
as follows: 

1. Histamine produced dose-dependent contractions of isolated 
spiral strips of rabbit portal vein. The response to histamine 
Occurred over a high dose-range, and showed sensitization with time. 
Acetylcholine and noradrenaline also produced dose-dependent contrac- 
tions in this preparation, but the responses to these agonists showed 
sensitization to a much smaller extent. 

2. The histamine response was unaffected by cocaine, 
6-hydroxydopamine (6-OHDA) treatment, or by induction of tachyphylaxis 
to tyramine. These procedures reduced or abolished the response to 
tyramine. The histamine response was not affected by atropine, ina 
concentration sufficient to significantly alter the response to 
acetylcholine. Indomethacin had no effect on the response to histamine. 

33 » The H, antagonists diphenhydramine, chlorpheniramine and 
antazoline all reduced the response to histamine, but only when pre- 
sent in high concentrations. The H, antagonist metiamide did not 
specifically block the response to this agonist. The most effective 
antagonists of the histamine response were the a-adrenoceptor 
antagonists phentolamine, azapetine and dibozane. The responses to 
betazole and tolazoline were also blocked by phentolamine. 

4, 5-hydroxytryptamine (5-HT) produced dose-dependent contrac- 
tions of rabbit portal vein, which sensitized with time. Methysergide 
blocked the responses to low concentrations of 5-HT, while phentolamine 
blocked the responses to high concentrations of this agonist. Diphen- 


hydramine reduced the response to all concentrations of 5-HT. The 
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response to 5-HT was not selectively affected by 6-OHDA. 

5. When desensitization was induced to 5-HT, the responses to 
equi-active doses of noradrenaline, histamine and 5-HT were reduced 
to approximately the same extent, while the acetylcholine response 
was unaffected. The maximal responses to histamine and 5-HT, but not 
to noradrenaline, were also depressed by this treatment. The response 
to noradrenaline, obtained in the presence of cocaine, was antagonized 
by high concentrations of histamine, but not by high concentrations 
of 5-HT. | 

6. Phenoxybenzamine (POB), a 8-haloalkylamine, antagonized 
the responses to noradrenaline, histamine and 5-HT. Noradrenaline 
and phentolamine cross-protected the responses to all three agonists 
against POB blockade. Histamine, even in high concentrations, 
provided only partial protection of responses to itself and other 
agonists, while the protection provided by 5-HT had a significant 
non-specific component. 

7. Strips of rabbit portal vein accumulated Gad encradrenalines 
the uptake of which could be reduced by cocaine. Tyramine, histamine 
and 5-HT all caused an increase in the efflux of cen onceadeenaline: 
which was reduced in the presence of cocaine, and abolished by treat- 
ment of the tissues with 6-OHDA. 

8. The responses of normal tissues to histamine, 5-HT, 
betazole and tolazoline were found to increase in sensitivity with 
time. The responses to noradrenaline and acetylcholine did not 
show significant sensitization. The sensitization of the histamine 
response was unaffected by indomethacin or atropine, but was reduced 


by methysergide, and in tissues taken from rabbits pre-treated with 
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reserpine. Histamine caused a 6-OHDA-sensitive increase in the efflux 
of igi ccorad: cna iecee 6-OHDA treatment of isolated tissues abolished 
the sensitization to histamine. The histamine-induced increase in 
the efflux of [orleroredy ena line was reduced in the presence of cocaine, 
while this agent initially blocked but did not irreversibly affect 
the sensitization of isolated tissues to histamine. 

In the following discussion, the nature of the receptor for 
histamine, and the mechanism of sensitization to this agonist are con- 


sidered in light of these results. 


II CHARACTERIZATION OF THE HISTAMINE RECEPTOR IN RABBIT 

PORTAL VEIN 

A. The Response to Histamine 

The dose-response curve to histamine observed in isolated spiral 
strips of rabbit portal vein differs from that seen in most other 
tissues. Although the threshold response appears to occur between 
107’ M and 10 M histamine, the tissue does not begin to respond in 
a dose-dependent manner until a concentration of ‘ore M histamine is 
reached. The dose-response curve then rises sharply until the 
maximum occurs at approximately esis M; it is possible that this 
is not the true maximum since the tissue does not respond to higher 
concentrations of histamine in a reproducible manner. The inability 
of the tissue to respond reproducibly to high concentrations of 
histamine may be due to desensitization - this phenomena has been 
reported to occur in other tissues in the presence of high concen- 


trations of agonists, resulting in bell-shaped dose-response curves 


(Bown et al, 1973). 
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The histamine response in rabbit portal vein is unusual in 
other respects as well: the receptor for this agonist cannot be 


classified as either a classical Hy receptor or the more recently 


defined H, receptor. The H, antagonist metiamide did not 


specifically block the histamine response, since the concentrations 
required to reduce the response to this agonist also blocked the 


responses to other agonists. On the other hand, the H, antagonists 


ai 


diphenhydramine and chlorpheniramine appeared to produce a specific 


blockade of the response to histamine, but only in the presence 


of high concentrations of these antagonists. Much lower concentrations 


of the a-adrenergic antagonist phentolamine were effective at 
blocking the response to histamine, and these same concentrations of 
phentolamine also blocked the response to noradrenaline. Phentolamine 
has been reported to antagonize the histamine response in guinea 

pig ileum, which contains an Hy receptor system, and guinea pig 
ventricle, which contains an H, receptor system, but in both cases, 
higher concentrations of phentolamine were necessary than those 
required to block the histamine response in portal vein (MacLeod et 
al, 1978). The histamine response in strips of rabbit vena cava 
(containing an Hy receptor system) was also reported to be blocked 

by phentolamine, but the PA, value of phentolamine against histamine 
was much greater than that against noradrenaline (Gulati et al, 1968). 
Thus the inability of metiamide to antagonise the histamine response, 


together with the relatively weak actions of the H, antagonists, and 


ue 


the sensitivity of the system to phentolamine, imply that the receptor 


cannot convincingly be placed in either the Hy or the H, class. 


Of the numerous possible explanations for these results, one 
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of the most likely is that histamine is acting indirectly through 
the release of noradrenaline in this tissue. This could be mediated 
by an Hy type of receptor which is poorly accessible to classical 
Hy antagonists, and the actions of phentolamine are thus explained 
by it's action at the a-adrenergic receptor. This possibility is 
discussed in the next section. 

B. The Mechanism of Action of Histamine 

Noradrenaline is stored in vesicles located in sympathetic 
nerve terminals, from which it can be released in response to various 
stimuli (von Euler, 1972). The means by which sympathomimetic agents 
can cause release of noradrenaline is still incompletely understood, 
but at least two mechanisms are recognized. The first of these 
occurs via a 'tyramine-like' action, which is cocaine-sensitive. 
Tyramine has been shown to be taken up into adrenergic nerve terminals 
by active transport through the neuronal membrane, after which it 
causes stoichiometric displacement of noradrenaline from storage 
vesicles (Trendelenburg, 1972). Most sympathomimetic amines have 
been reported to act in this manner, and this has also been proposed 
as the mechanism of action of 5-HT in cat splenic strips (Innes, 
1962 b). The second mechanism is a 'DMPP-like' action; DMPP and 
other nicotinic drugs have been reported to cause noradrenaline 
release through depolarization of the nerve terminal with resultant 
exocytosis of noradrenaline-containing vesicles (Musholl, 1970). 
This action can be inhibited by hexamethonium, colchicine era de- 
creased calcium. 5-HT has been reported to release noradrenaline 
by a DMPP-like mechanism in heart (Fozard and Mwaluko, 1976). 


Histamine has only rarely been reported to cause nordrenaline 
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release, and the mechanism has been examined in only one case. The 
authors reported that release of noradrenaline by histamine could by 
inhibited by hexamethonium, implying that the second mechanism is 
correct (Everett and Mann, 1967). However, the effects of cocaine 
were not examined in this preparation. 

Treatment of tissues with drugs which deplete the neuronal 
stores of noradrenaline results in abolition of responses to all 
indirectly acting agents. Reserpine is often used as the depleting 
agent, although it acts slowly and animals must be pre-treated before 
sacrifice. It has been shown to cause almost complete depletion of 
tissues such as the heart and spleen (Iversen, 1967). Reserpine is 
believed to yield the most reliable quantitative results, when the 
action of agents which may have a partially direct and partially in- 
direct action are being considered (Trendelenburg, 1972), and thus 
would be the ideal tool to examine the mechanism of action of histamine 
in portal vein. However, pre-treatment of rabbits with up to twice 
the normal dose of reserpine failed to abolish the response to 
tyramine in this preparation. Although tyramine has been reported 
to have some direct actions at very high concentrations (Pluchino, 
1972), it is unlikely that the responses to low concentration of 
this agent in portal vein are due to a direct action on smooth 
muscle and it must be concluded that the noradrenaline stores in 
sympathetic nerve terminals have not been completely depleted. It 
is possible that the portal vein is particularly resistant to reser- 
pine or that although some depletion has taken place, sufficient 
noradrenaline remains to provide a substantial response to tyramine. 


This second possibility has been shown to be true in other tissues, 
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although it has usually been found that acute pre-treatment with 
large doses of reserpine abolishes the response to tyramine 
(Antonaccio and Smith, 1971). 

Portal veins were subjected to three other procedures designed 
to reduce the effects of indirectly acting agents (Results I-D). 
The first of these, induction of tachyphylaxis to tyramine, resulted 
in a significant reduction in the response to tyramine, and had no 
significant effect on the response to histamine. These results in- 
dicate that tyramine and histamine are not causing release of 
noradrenaline from the same stores. Only partial depletion of the 
total noradrenaline stores occurs even on induction of tachyphylaxis 
to a very high dose of tyramine, however (Weiner et al, 1962), so 
it cannot be assumed on the basis of this experiment alone that 
histamine is acting directly on smooth muscle. The persistence 
of the response to histamine im the presence of cocaine however, 
in a concentration which significantly reduced the response to 
tyramine, provides furthur evidence that histamine is not causing 
release by a mechanism similar to that of tyramine. The concen- 
tration of cocaine employed did not block the response to tyramine 
completely, although Hughes (1972) found that this concentration 
previded optimal blockade of noradrenaline uptake. There is some 
evidence that noradrenaline and cocaine can compete for uptake 
(Iversen, 1967) so it seems likely that tyramine in sufficient 
concentration can also overcome the inhibition of uptake produced by 
cocaine. The reduction in the response to tyramine in the presence 
of cocaine suggests that if histamine were acting through uptake 


via a cocaine-sensitive site as well, the response to this agonist 
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would also be reduced under these circumstances. Since the response 
to histamine is not only unaffected by induction of tachyphylaxis 

to tyramine, but is also resistant to blockade by cocaine, any re- 
lease of noradrenaline by histamine must be occurring from tyramine- 
resistant stores, by a mechanism insensitive to cocaine. 

If histamine were acting by some such mechanism, the response 
to this agonist would be abolished by chemical denervation with 
6-OHDA. This neurotoxic compound is highly selective for sympathetic 
nerves. It is taken up into adrenergic nerve terminals by the active 
transport mechanism of the neuronal membrane, where it then causes 
degeneration of the nerve terminals (Malmfors and Sachs, 1968: Jon- 
sson, 1976). It is not 6-OHDA but products of its intraneuronal 
auto-oxidation which are thought to be cytotoxic; these products are 
believed to bind to and cross-link intracellular proteins, causing 
their inactivation (Jonsson, 1976; Rotman and Creveling, 1976). The 
method chosen for treatment of tissues with 6-OHDA in the present 
experiments was a modification of that used by Aprigliano et al (1976), 
in which tissues are exposed in the organ bath to 6-OHDA, washed 
extensively and then exposed to drugs. The authors reported that 
this procedure resulted in degenerative changes in sympathetic nerve 
terminals of rat portal vein, when tissues were examined electron 
microscopically. In addition, no catecholamines were detectable 
with fluorescent histochemical techniques. 

In the first set of experiments involving 6-OHDA, the response 
to tyramine was completely abolished. The histamine and acetylcholine 
responses were reduced to the same extent, leading to the suggestion 


that 6-OHDA might be having a non-selective effect on the smooth muscle. 
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Although 6-OHDA has high affinity for the neuronal uptake mechanism, 
it is possible that some 6-OHDA is also taken up extraneuronally 
into smooth muscle cells, causing loss of contractile function in 
these cells, manifested by a small reduction in the responses to 
histamine and acetylcholine. In order to determine whether 5-HT 
was acting directly or indirectly, these experiments were repeated, 
and in the second set of experiments, a small response to tyramine 
(10°/, of control) could still be detected. The responses to all 
the other agonists tested, (5-HT, histamine and acetylcholine) were 
again slightly reduced and to the same extent, so it was decided not 
to increase the exposure time or the concentration of 6-OHDA. How- 
ever, it has been reported that tyramine does not cause release 
equally from all stores of noradrenaline, and in fact at least two 
stores of noradrenaline can be differentiated, based on their 
susceptibility to tyramine (Potter et al., 1962). Just as the response 
to tyramine can be abolished by induction of tachyphylaxis, without 
complete depletion of neuronal noradrenaline, pre-treatment of an 
animal with reserpine can result in almost complete abolition of 
the response to tyramine without significantly affecting the res- 
ponse to electrical stimulation (Antonaccio and Smith, 1971). Some 
studies on the release of [°H]-noradrenaline by tyramine have 
indicated that tyramine can cause preferential release of noradrenaline 
(Iversen, 1967). 

The possibility thus existed that some noradrenaline stores 
might still remain in the tissue even after 6-OHDA treatment, and 
that these were resistant to tyramine, resulting in only a small 


response to this agent, but subject to greater release by histamine 
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or 5-HT. In order to examine this possibility, tissues were 
stimulated electrically before and after treatment with 6-OHDA. 

It was felt that noradrenaline stores resistant to tyramine 

would be released on electrical stimulation, since other studies 
have suggested that this is the case (eg. Antonaccio and Smith, 
1974; Trendelenburg et al, 1962). In fact it was found that 

there was no significant difference between the response to tyramine 
and that to electrical stimulation after treatment of tissues with 
6-OHDA. When the responses to these two stimuli were reduced to 
less than 15% of the control value, there was no specific reduction 
in the responses to histamine and 5-HT (Results I-G). 

These results, then, strongly suggest that both histamine and 
5-HT have their main action by some mechanism other than an indirect 
sympathomimetic effect. Experiments in which the efflux of Papal 
noradrenaline was monitored provide furthur support for this action 
of histamine and 5-HT. 

Prior to monitoring the effects of drugs on the efflux of 
fig /noradrenalanes the uptake of this substance into portal vein 
was measured, in the presence and absence of cocaine (Results, II). 
A cocaine-sensitive component of [eilenoradrenaline uptake was 
present, indicating that neuronal uptake was occurring, and there 
was also a significant cocaine-insensitive component, indicating 
that extraneuronal uptake of this substance also occurs in portal 
vein. This is in agreement with results presented by Hughes (1972) 
who showed that noradrenaline action could be terminated by both 
neuronal and extraneuronal uptake in portal vein. He also found 


that although neuronal uptake is generally more important for 
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removal of noradrenaline, in the presence of cocaine, the relative 
importance of extraneuronal uptake increased significantly. Thus 
in the experiments reported here, simply subtracting the cocaine- 
sensitive uptake from the cocaine-insensitive uptake would be 
expected to give a erroneously high estimate of extraneuronal 
uptake. 

Bevan et al (1974) have shown that an inverse relationship 
exists between the uptake of ie Wend rad denalenrs and the ED for 


SU 


noradrenaline in a series of rabbit veins; the higher the EDS 9 for 
noradrenaline, the lower the neuronal uptake of noradrenaline. The 


results presented here agree with their findings; the ED< for 


noradrenaline in rabbit portal vein is approximately 2x07! M, 


while the T/M ratio is about 4.5 gm/ml after one hour. The density 

of adrenergic innervation of a tissue can be directly related to 

the amount of uptake of fnlenoradcenarades and this is also in 
agreement with our results: the portal vein is some what sparsely 
innervated, compared with tissues such as the vas deferens. However, 
the T/M ratio for uptake in rat portal vein after one hour has 

been reported to reach approximately 13 ml cleared/gm tissue (Ljung 

et al, 1973), which is almost three times as great as that found in 
the present study. Ljung et al (1973) have suggested that differences 
in the T/M ratio between tissues can be related to differences in the 
noradrenaline content; the noradrenaline content of rat portal vein 
(Haggendal et al, 1970) has been reported to be higher pheckivnat of 
rabbit portal vein (Huges, 1972). In addition, the difference might 
be attributable to differences in experimental technique, particularly 


with regard to obtaining the tissue weights. Due to the very small 
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size of most of the segments of portal vein used in these experiments, 


the weights measured were found to be extremely sensitive to alter- 
ations in moisture content. In these experiments tissues were 
weighed immediately after blotting, and this weight was used to 
determine the T/M ratio. If the tissues were allowed to stand for 
any length of time the tissue weights decreased by as much as 50Z, 
which would result in a doubling of the T/M ratio. 


4 feu tenoredrenaiine: then 


Tissues were loaded with 3x10 
efflux of tracer was measured under a variety of conditions 
(Results II). This concentration of noradrenaline was reported by 
Hughes (1973) to mix homogeneously with endogenous noradrenaline 
stores in rabbit vas deferens and portal vein, and therefore any 
release of labelled noradrenaline obtained in the presence of drug 
would be expected to reflect the release caused by this drug under 
normal circumstances. 

Histamine and 5-HT,-as well as tyramine, were found to cause 
release of [Pa laneradeenalines in both the presence and absence of 
inhibitors of monoamine oxidase and catechol-o-methyl transferase. 
The increased release produced by histamine and 5-HT was not 
significantly different from that produced by tyramine. However, 
the release caused by all three amines was significantly reduced by 
cocaine in the same concentration as that which significantly 
inhibited the pharmacological response to tyramine but did not affect 
the response to histamine or 5-HT. Treatment of tissues with 6-OHDA 
reduced the efflux coefficients of noradrenaline compared to the 


control and abolished the increase in efflux to all three agonists. 


This procedure abolished only the pharmacological response to tyramine 
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and did not appear to specifically affect the responses to 5-HT or 
histamine. 

It seems highly unlikely that a store of noradrenaline exists 
in rabbit portal vein, from which histamine and 5-HT can cause re- 
lease, which is insensitive to 6-OHDA, cocaine and induction of 
tachyphylaxis to tyramine, and which cannot be detected either 
pharmacologically or biochemically. Rather, it must be assumed 
that histamine and 5-HT are not acting by causing release of nor- 
adrenaline, although the possibility that a component of their action 
is indirect is discussed in a later section. The much less likely 
possibility that some other endogenous transmitter is being released 
by histamine has been partially answered by studies reported here 
involving atropine and indomethacin. Neither antagonist has any 
significant action as a histamine antagonist in this preparation, 
suggesting that neither acetylcholine nor prostaglandins are involved 
in the response to this aconiste Thus the most likely explanation 
of the results discussed above is that histamine acts directly on 
the smooth muscle of rabbit portal vein. 

C. The Histamine Receptor 

There are at least three possible receptors through which his- 
tamine could be acting in rabbit portal vein. There are: (1) a 
histamine receptor, unusually resistant to histamine antagonists; (2) 
a receptor for 5-hydroxytryptamine; or (3) a non-specific amine 
receptor with a close resemblance to the a-adrenoceptor. 

The evidence against the possibility that the receptor for 


histamine in rabbit portal vein is a typical H, or H, receptor has 


1 
been discussed (This chapter, I-A). It also appears unlikely that 
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this preparation contains a histamine receptor unusually resistant 
to blockade by diphenhydramine or chlorpheniramine, or that access 
of these antagonists to the receptor is limited. Phentolamine blocked 
the response to histamine at a much lower concentration (107° M) than 


that necessary for inhibition by the H, antagonists (10° M), suggesting 


1 
that access to the histamine receptor is not restricted. Antazoline 

is classified as an Hy antagonist (Douglas, 1975) but structurally 

it is very similar to phentolamine; high concentrations of this 

antagonist were necessary to block the histamine response, and in 

this case the response to noradrenaline was also blocked by the 

same concentrations of antazoline. Similar doses of this antagonist 

were able to block the noradrenaline response in strips of vena 

cava from the rabbit, which appear to contain typical a-adrenergic receptors 
(Gulati et al, 1968). The receptor for histamine in rabbit portal 

vein thus is unusually resistant to blockade by a number of H, 


antagonists. Other evidence suggests that rather than specifically 


blocking the histamine response, the H, antagonists are simply 


a 
restricting the response to agonists in general in a non-specific 
manner. Of the three agonists most extensively studied in this 
preparation, histamine was shown to be the least potent, while 5-HT 
is intermediate and noradrenaline is the most potent. Thus would 
imply that the histamine response could be the most susceptible to 
restriction, resulting in what initially appears to be specific 
blockade. This is supported by the results of two other ar ee 
First diphenhydramine depresses the response to 5-HT over the 


entire dose-response curve, although other evidence indicates that 


5-HT may be acting on two sets of receptors (Results, I-G). Secondly, 
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the histamine response is not protected against phenoxybenzamine(POB) 
blockade by diphenhydramine present in a concentration Gains M) 
sufficient to reduce the maximum response to histamine to less than 
40% of control (Results I-I). 

The action of agents which act as agonists at histamine recep- 
tors in other preparations also suggest that the receptor for histamine 
in portal vein is unusual. Betazole has been found to be more active 


at H, than H 


, receptors, as has 4-methylhistamine, while n-methyl-his- 


ui 


tamine is more active at Hy receptors. Ethyl-2-pyretamine has been 


found to be a partial agonist at H, receptors. Betazole and n-methyl- 


1 
histamine were both found to be as potent as histamine in the rabbit 
portal vein, while 4-methyl-histamine and ethyl-2-pyretamine were 


almost inactive. Thus, in this preparation, one H, agonist and one 


i 


H, agonist were close to equi-potent, while, the other Hy and H, agonists 
were almost inactive. These results, together with the results ob- 
tained with the Hy and H, antagonists, suggest that histamine is not 
acting at a typical histamine receptor in rabbit portal vein. The 
blockade of the histamine and betazole responses with low concentrations 
of phentolamine suggest that rather than acting at a histamine re- 
ceptor at all, these agonists may be acting at a receptor for another 
agonist, either 5-HT or noradrenaline. 

Phentolamine has been reported to block the 5-HT receptor in 
rabbit aortic strip; it has one-tenth the affinity for the 5-HT receptor 


as for the adrenergic receptor (Furchgott, 1972). 5-HT has been 


reported to act at the adrenergic receptor in rabbit ear artery, and 
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this interaction could be blocked with phentolamine (Apperley et al, 1976). 


Since the response to 5-HT in rabbit portal vein was blocked with 
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phentolamine, the two remaining possibilities concerning the receptor 
for histamine had to be considered. The first was that histamine and 
5-HT are acting at a common receptor, distinct from that for nor- 
adrenaline, and the second that all three agonists are acting at 

a common receptor. 

On the basis of the evidence described below, the second 
possibility seems more likely. The histamine response was blocked 
with two other a-adrenergic blocking agents, azapetine and dibozane, 
in concentrations similar to those necessary to block the response 
to noradrenaline. However, whether these antagonists also block 
the response to 5-HT in portal vein and in other tissues is unknown. 
The responses to low concentrations of 5-HT were blocked by methysergide, 
(which is a typical antagonist at 5-HT 'D' receptors in other tissues, 
(see Fozard, 1975) ), but not by phentolamine. The opposite situation 
occurred at high concentrations of 5-HT: these responses were blocked 
by phentolamine but unaffected by methysergide. Since the concentration 
of phentolamine necessary to block the 5-HT response was similar to 
that necessary to block the noradrenaline response to the same extent, 
and 5-HT is probably acting directly on smooth muscle, it appears that 
5-HT could be acting at the same receptor as noradrenaline. 

The results of the experiments involving cross-desensitization 
of the responses to noradrenaline, 5-HT and histamine provide support 
for this hypothesis (Results I-H). The mechanism by which desensiti- 
zation occurs is not well understood, but studies in a number of 
preparations have indicated that specific desensitization occurs at 
the level of the receptor, and may involve a conformational change 


in the receptor from an active to a less active form (Rang and Ritter, 
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1970; Kenakin and Cook, 1978). Specific desensitization affects 

only those agonists acting at a particular receptor, the responses 

to agonists at other receptors being unaffected by this treatment. 

In the initial experiments, maximum concentrations of each agonist 
were employed to determine the effects of desensitization on the 
responses to that agonist. In these experiments, the responses to 
histamine and 5-HT were reduced to 50% of the control value, while 

the noradrenaline response was unaffected. It has been reported that 
no cross-desensitization occurs between a-adrenoceptor agonists of 

the imidazoline class and those of the phenylethylamine class, and 
this has been used as evidence to suggest the existence of two 
different sites on the a-adrenoceptor at which agonists can act 
(Ruffolo et al, 1977). However it is unlikely that this situation 
occurs in portal vein. A comparison of the dose-response curves 

to noradrenaline, histamine and 5-HT obtained on the same preparations 
showed clearly that if all three agonists are acting on the same receptor, 
then noradrenaline is acting as a full agonist and histamine and 5-HT 
are acting as partial agonists, even after maximal sensitization has 
occurred. 

Rang and Ritter (1970) reported that whereas dose-response curves 
to full agonists were shifted by desensitization, while a maximum 
response similar to the control response could be obtained, dose-response 
curves to partial agonists were both shifted and depressed by the 
same procedure. Therefore using doses close to the ED. 6 would be 
expected to provide a more accurate measure of the relative effects 
of desensitization on the response to noradrenaline, histamine and 5-HT. 


This in fact turned out to be the case; using equi-active doses 
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of all three agonists in the ED. range, it was found that the responses 
to all of them were reduced by approximately the same amount after in- 
duction of desensitization. The response to acetylcholine, when used in 
in a concentration in the same range as the other agonists, was un- 
affected by this procedure, indicating that specific desensitization 
has taken place. 

If all three agonists are acting at the same receptor, a number 
of other predictions concerning the actions of these agonists can be 
made. Partial agonists can act as partial antagonists of the 
response to full agonists, when present in sufficient concentration, 
by limiting the access of full agonists to the receptor (Ariens et 
al, 1964). In order to demonstrate this effect however, there should 
be no other means by which the partial agonists could potentiate or 
decrease the response to the full agonists, thus either enhancing 
or diminishing the apparent degree of blockade produced. 

Initial attempts to block the noradrenaline response in portal 
vein with high concentrations of histamine or 5-HT were unsuccessful. 


However, 5-HT has been shown to be accumulated into adrenergic neurons 
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in vas deferens, (Thoa et al, 1969), and also to inhibit the accumulation 


of noradrenaline into chromaffin granules in the adrenal medulla 
(Kirshner, 1962; Carlsson et al, 1963). Although no such action has 
been reported for histamine, it seemed reasonable that the high con- 
centrations of these agonists necessary to interfere with the nor- 
adrenaline response could result in an interference with the neuronal 
uptake of noradrenaline, thus potentiating the noradrenaline response 
and obscuring any receptor blockade. For this reason dose-response 


curves to noradrenaline were obtained in the presence of cocaine, and 
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then histamine or 5-HT was added, with cocaine still present in the 
bath. Then a furthur dose-response curve was obtained to nor- 
adrenaline. By blocking neuronal uptake with cocaine, it was hoped 
that any furthur sensitization of the noradrenaline response would 
be minimized. The results indicated that under these conditions 
histamine, in a concentration of Sx 10e. M, was able to antagonize 
the response to noradrenaline, while the concentration of 5-HT which 
produced the maximum response to this agonist (5x102- M) did not 
significantly affect the noradrenaline response (Results I-H). The 
antagonism produced by histamine of the response to noradreanline 

is difficult to describe, but could result from histamine having more 
than one action even in the presence of cocaine. The ability of 
both histamine and 5-HT to block the accumulation of noradrenaline 
into smooth muscle in rabbit ear artery has been reported (Buchan et 
al, 1974). The inhibitory effect of histamine on the extraneuronal 
uptake of noradrenaline occurred at concentrations ranging from 


4 


3x10 " M to eller M; these concentrations of histamine are similar 
to those used in the present experiments. As already mentioned, 
Hughes (1972) has shown that when neuronal uptake in rabbit portal 
vein is inhibited, extraneuronal uptake for the removal of nor- 
adrenaline becomes relatively more important. By inhibiting neuronal 
uptake with cocaine in the present study, possibly the balance 
shifted towards extraneuronal uptake. When 5-HT or histamine were 
added, they might have then caused a blockade of the extraneuronal 
uptake, potentiated the noradrenaline response, and again obscured 


any receptor antagonism produced. This hypothesis could have been 


tested by the addition of an antagonist of extraneuronal uptake, used 
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in conjuction with cocaine. Rather than pursue this line of 
questioning however, and risk having additional non-specific effects 
due to the use of more drugs, it was decided to switch to other means 
of receptor differentiation. 

The results of the receptor self-protection and cross-protection 
experiments are summarized in Table II. Noradrenaline protects the 
responses to noradrenaline, histamine and 5-HT, and the protection 
afforded by noradrenaline seems to be specific, since the acetylcholine 
response is not protected by this agonist. Phentolamine is also quite 
effective at protecting the responses to noradrenaline, histamine and 
5-HT, even in the relatively low concentration used here. The protection 
provided by histamine and 5-HT does not appear to be so well-defined. 
Histamine, even when present in very high concentrations, did not pro- 
vide much protection of the responses to any of the other agonists. 
This may simply reflect it's position as the agonist with the least 
apparent affinity for the receptor at which it acts. 5-HT, on the 
other hand, protected too well, appearing to protect the acetycholine 
response as well as the responses to histamine and noradrenaline. It 
appears that 5-HT in high concentrations can bind to a wide range of 
different sites in smooth muscle, since this agonist does not seem 
to have any direct action through cholinergic receptors. 

The problems which arise from the use of receptor protection 
experiments have already been discussed (Results, I-I). Waud (1962) 
suggested that high doses of protecting agents could bind eke 
specifically to other sites through which the protecting agent has 
no action, and this was confirmed by the experiments of Moran et 


al (1967), who found that noradrenaline protected many non-specific 
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TABLE II 


Summary of results of protection experiments 


Response to be protected 


Protecting Agent Noradrenaline Histamine 5-HT Acetylcholine 
Noradrenaline 5 at tact 0 
Phentolamine + + + NA 
Histamine ar se 0) 6) 

5-HT me “LSS Tet atte 
Diphenhydramine NA 0 NA NA 
eee ra ee ae he ak ee a a ee ee 
+++ = Full protection 

+ = Partial protection 

6) = No protection 


NA = Experiment not performed. 
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sites as well as the a-adrenergic receptor. This evidence, together 
with the results of protection experiments with 5-HT and histamine 
described above, suggest that the protection provided by these two 
agonists is probably non-specific, at least in part. However, both 
noradrenaline and phentolamine were used in lower concentration in 
these experiments. Although it is difficult to exclude a non-specific 
component of the protection by these two agents, in the case of nor- 
adrenaline this protection did not extend to the acetylcholine 
receptor, and under these circumstances, both the response to histamine 
and that to 5-HT were significantly protected. 

The results discussed throughout this section can be summarized 
as follows: 

(1) The responses to noradrenaline, 5-HT and histamine are all 


blocked by the same concentrations of phentolamine. Azapetine and 


bP ar 


dibozane also antagonize the responses to both histamine and noradrenaline. 


(2) Within any one preparation, the maximum response to hista- 
mine reaches 75% and the maximum response to 5-HT reaches 85% of the 
maximum response to noradrenaline (100%). 

(3) Desensitization of the response to 5-HT results in cross- 
desensitization to equiactive doses of histamine, 5-HT and noradrenaline. 
The same procedure results in cross-desensitization to maximum con- 
centrations of histamine and 5-HT, while the maximum noradrenaline 
response remains unaffected. 

(4) It was not possible to block the noradrenaline peecenae 
in untreated tissues with high concentrations of 5-HT or histamine. 
In the presence of cocaine, histamine (5x107> M) blocked the nor- 


adrenaline response but the antagonism produced had some unusual 
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features. 

(5) Noradrenaline and phentolamine protected the responses to 
noradrenaline, histamine and 5-HT against POB blockade. The protection 
provided by these agents appeared to be specific. The protection 
provided by histamine and 5-HT was less well-defined than that produced 
by noradrenaline and phentolamine, and due to the high concentrations 
employed, also appeared to have a non-specific component. 

These results, together with the evidence supporting the direct 
action of histamine and 5-HT, strongly suggest that these two agonists 
and noradrenaline are acting at a common receptor, which appears to 
be a non-specific amine receptor. This receptor bears closest resem- 
blance to the a-adrenergic receptor, in that noradrenaline acts as a 
full agonist, and phentolamine and the other a-adrenergic antagonists 
appear to block the response to all agonists acting through it. 

It is possible that this receptor represents another sub-type 
of a-adrenoceptor. Recent evidence indicates that the population 
of a-adrenergic receptors may not be as homogenous as previously be- 
leived. For instance, Barker et al, (1977) compared the isomeric 
activity ratios (the ratio of the concentrations of (+)-and (-)- isomers 
of a drug necessary to produce the same response) of (+)-and(-)- 
noradrenaline in a number of tissues. This ratio is believed to 
differ between tissues only if there are differences in the characteristics 
of the receptor, once stereospecific sites of drug loss have been 
eliminated. These authors found significant differences between the 
isomeric activity ratios of (+)- and (-)-noradrenaline when these were 
measured in a large number of tissues. They suggested that these 


tissues could be divided into three groups based on the ratio obtained 
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for each tissue. This, they suggested, reflects differences in the 
a-adrenoceptor in these tissues, even though no significant difference 
in PAS values of a-adrenergic antagonists measured against noradrenaline 
was observed. This conclusion is supported by evidence obtained with 
an apparently selective antagonist of a-adrenergic receptors. Prazosin 
is thought to act primarily by inhibition of a-adrenergic receptors, 
yet while it blocks all pressor responses to phenylephrine, it was 
found to block only the responses to higher doses of noradrenaline in 
the pithed rat preparation (Bentley et al, 1977). Phentolamine was 
found to inhibit responses to all concentrations of both agonists in 
this preparation. Bentley et al (1977) suggest that there are at 
least two types of post-synaptic a-receptor, one sensitive to prazosin 
and one insensitive to this compound, and both sensitive to blockade by 
phentolamine. Phenylephrine acts only through the prazosin-sensitive 
receptor, while noradrenaline acts through both, activating the prazosin- 
insensitive receptor when noradrenaline is present in high concentrations. 
Cerebral arteries also appear to contain a-receptors which are 
different from those in the peripheral circulation, on the basis of 
the relative potency ratios of a number of agonists (Edvinsson and 
Owman (1974). Duckles and Bevan (1976) have presented evidence 
suggesting that rabbit basilar artery contains two distinct sets of 
adrenoceptors: one of low sensitivity to noradrenaline and phentolamine 
and one of high sensitivity to these agents. They suggest that these 
two receptor types may be present in a number of tissues, Bor the low 
sensitivity receptors are normally hidden by responses to low concen- 
trations of agonists of the sites of high sensitivity. It is possible 


that in rabbit portal vein, histamine and also 5-HT could be acting at 
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such a site of low sensitivity, nhich Duckles and Bevan (1976) also 
suggest is less discriminatory than the highly sensitive receptor. 
The action of histamine and 5-HT would be revealed because of: the 
lack of highly sensitive receptors specific for these agonists. 
Noradrenaline, normally present in relatively low concentrations, 
could be acting at the site of higher sensitivity, but when used for 
protection in a concentration of see it could interact with the 
less sensitive receptor to give protection of the responses to 5-HT 
and histamine. Although this explanation is plausible, the results 
Peete cross-desensitization experiments suggest that even in rela- 
tively low concentrations (2 x 10°™), noradrenaline is acting at 
the same receptor as histamine and 5-HT. 

While the majority of evidence supports the view of a common 
receptor, some findings could, by themselves, imply some other 
mechanism. It would be surprising, if a common receptor does exist, 
for some agonists to be blocked competitively, while others were 
blocked non-competitively, by the same antagonists. Initially it 
appears that phentolamine is blocking the noradrenaline and 5-HT 
responses competitively, but is a non-competitive antagonist of the 
histamine response. However, when attempts were made to analyse the 
nature of the blockade with double reciprocal plots, no clear con- 
clusions could be drawn, and it is concluded that the nature of the 
antagonism is unknown. It is possible (and perhaps probable) that 
the apparent differences in blockade arise from the insensitivity of 
the tissue to histamine, and cannot be regarded, on the basis of 
evidence presented here, to be a major objection to the hypothesis 


of a common amine receptor. 
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Thus it appears at the present time that histamine, 5-HT and 
noradrenaline are interacting with an unusual variety of a-adreno- 
ceptor, which responds to other amines apart from noradrenaline. 
Whether betazole and tolazoline are also acting at this receptor is 
not clear; although the blockade of the response to these agonists 
with phentolamine suggests that this is a possibility, not enough 
information is available to specify the site of action of these two 
agents. 

A non-specific receptor of the type discussed here has not been 
described in other tissues, although it is possible that further 
examination of vascular smooth muscle from the rabbit and other 
species will reveal that this type of receptor exists elsewhere. 
However, preliminary studies in this laboratory of the histamine 
response in portal vein taken from the monkey, indicated that 
histamine is acting at a typical H, receptor. Gulati et al. (1968) 
also reported that histamine was acting at a typical H, receptor 


in rabbit posterior vena cava. 
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III THE MECHANISM OF SENSITIZATION TO HISTAMINE 

There are many possible mechanisms by which the response of a 
tissue to a drug may increase during an experiment. The most obvious 
involve increased access or decreased removal of the drug from the 
receptor, and these processes were recently analyzed by Kalsner 
(1976). In the sympathetic system, sensitization to noradrenaline, 
when specific, usually involves interference with the uptake of 
noradrenaline, and this is usually achieved by means of drugs or 
denervation. However, the sensitization seen to histamine and 5-HT 
in rabbit portal vein occurs in untreated tissues, in which no effort 
has been made to alter the rate of breakdown or uptake of these 
agonists. The sensitization is not non-specific: the responses to 
acetylcholine and noradrenaline show no such significant sensitiza- 
tion and in addition, treatment of a tissue with histamine does not 
result in an increase in sensitivity to acetylcholine. These results 
suggest that the sensitization seen to histamine is mediated by an 
effect at the receptor. 

There are at least three major routes by which this could occur: 

(1) An increase in the total number of receptors for histamine; 

(2) An increase in the concentration of histamine at the recep- 
tor, by either increased access or decreased removal, or an increase 
in the ability of the receptors present to combine with histamine; or 

(3) Histamine could be releasing an agent which causes either 
a real or an apparent increase in sensitivity to histamine. 

The last possibility appears to be the most appealing, on the 
basis of the apparent inability of tissues taken from reserpinized 


rabbits to sensitize to the same extent as normal tissues. As 
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mentioned earlier, although tissues wot not reserpinized totally, 

it is possible that they were partially affected by this drug. This 
suggestion could be confirmed by direct assay of noradrenaline. 
Reserpine interferes with the storage of noradrenaline, and in the 
concentrations used is not believed to have many other actions 
(Trendelenburg, 1972). Thus in tissues in which the storage of nor- 
adrenaline was impaired, the response to histamine did not show as 
great an increase in sensitivity as untreated tissues. Reserpiniza- 
tion of tissues would be expected to have no effect on sensitization, 
if there was either an increase in the number of receptors for hista- 
mine or an increase in the atti ty of receptors to interact with 
histamine. Similarly, it is difficult to see how reserpine could 
interfere with an increase in the concentration of histamine at the 
receptor, since histamine is not believed to be stored in sympathetic 
nerve terminals. 

The possibility that histamine is causing release of other 
substances was also investigated. Atropine has no effect on the sen- 
sitization to histamine, so it is unlikely that histamine is causing 
release of acetylcholine. In any case, no parasympathetic innervation 
of rabbit portal vein has been observed. Similarly, the inability of 
indomethacin to influence the sensitization to histamine implies that 
this agent is not releasing or inhibiting the release of prostaglandins. 

Treatment of tissues with 6-OHDA seems to abolish the increase 
in sensitivity seen to histamine, while at the same time, the increased 
efflux of oy noradrenaline caused by histamine is also abolished by 
6-OHDA. These results suggest that the increase in sensitivity to 


histamine is in fact related to an increasing release of noradrenaline 
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from the sympathetic nerve terminal. The two possible mechanisms 
of such a process were described in section I-A of this chapter. The 
tyramine-like action is inhibitible by cocaine, but efforts to 
block the increase in sensitivity to histamine with cocaine were 
unsuccessful. There are a number of possible reasons for this; for 
example, cocaine could be having a direct sensitizing effect on the 
response to histamine, and this could be masking the inhibition of 
the indirect effect produced by this agent. Trendelenburg (1972) 
has made the observation that failure to alter the response to sym- 
pathomimetic amines with cocaine does not necessarily mean that these 
agents are acting directly; it is possible that sensitization to the 
direct effects of an agent with both direct and indirect actions would 
offset any decrease in response due to inhibition of the indirect 
actions of these agents. It is unlikely that this is the true 
explanation for the failure of cocaine to prevent sensitization 
however, since the histamine response did not show the expected 
sensitization in tissues treated with 6-OHDA. 

Cocaine does appear to have some effect on the sensitization 
seen to histamine though, since the maximum response of the first 
dose-response curve obtained after the addition of cocaine to the 
tissue is actually reduced compared to the initial maximum response. 
After this however, the tissues begin to sensitize in the same manner 
as normal tissues. In addition, the increase in the efflux of ae 
noradrenaline seen with histamine is significantly reduced in the 
presence of cocaine. These results suggest that cocaine has some 
effect on the release of noradrenaline caused by histamine, but it does 


not appear to be a particularly good antagonist of this response. 


‘ 


tnt logo teh ee? a 
acti ae andy: Ke, hed avlapew a, 


\) bo he 
ed) rie shad seam Rees a sine 


“7 
(tis We 
VA 
j 


naa Srkeoes Ativ su lengs la 7 ‘en ? she ii 

\ wor Wan lab ohne? slikaeid ey Bipaetaie 
oan i 9 tee hn ‘ ntl: omne Ree e ater sh oc boas 
ty. Koda i wis golioaa af BPs ota bop 4 ats 


ek many 
he mn 


| o'30+ 1 1 Se are at i rah wtih > gal ton | 
ny wancyeas a2 spate cal ae +s an tartan 0 
demel? drwit coon yt Steernhn, som eeek Bokeans dake aombias’ 

ie ae 6 titanes sady ohdbeaag et at suisaeteh: A atid pa 

CA ies | ot doo aooth aug detw Ansys os te, 2 an | i 
| oh 32 Ried, oo ae pangs ik sweereh ~e 4 
ibe a4 eat i ne. au agoeps asar to a8 
ent ee entre to stulite? oa ele 
elena ot eae, deg Ree nurodepy eo tieeh atid ant, es 


nettles fai sient sont ‘ar ol anstatensa 


+ = a pee lee i 

b? 907 in. sates uiuss, 9 patmazald 03 “a 

uy 

et? Oo abiweed | ‘Shh ody: tah Nanaia avciMD svangeetioaab ; 


: a a. my 
Monoqeet wiehasy, Lah itnd ste ‘aie doregese Baoubea “lavton, a: nema “ha 
a 


TR ae ‘ ti akiet joumets eel: sired aida heel 
: [W') Rade oes i onwrde ihe gh tn at toumers, ‘hadi LL 
N79 Of Gecwhed Viz ain OF ao tansntl Pr a é‘ | ay - 
. Pwcteon $k Laine ae 
Sane ON So VNeHe Ded Jogkgue ae eee ome aiekagen to sopenaty, _ 
Seon 72 20g PTE UAL Yd A nips Lip iim to sana ledvads eo a3 y 


ademas eto 14 Dekoogs oe t& oF an heal - 
Prat Ee a ee 


, " aye 
ss } ¥ 


oo 


a 


is 


y 


oe 
7 
: 
rye 
f 


iJ ' 
= - i , : : 
, , > es Cea 
4 Pol ‘ , - 
“ ., a | ’ b -_ 


160. 


The other possibility is that histamine is causing release of 
noradrenaline by a DMPP-like mechanism. This mechanism is calcium- 
dependent, unlike the release caused by tyramine, and appears to 
cause depolarization of the nerve terminal and subsequent exocytosis 
of noradrenaline. This is believed to be the mechanism of action of 
nicotinic compounds whose noradrenaline-releasing actions can be 
blocked by hexamethonium, and which are believed to act via nicotinic 
receptors located on the sympathetic herve terminal. Recent evidence 
has indicated that 5-HT may release noradrenaline by a similar 
mechanism in rabbit heart, and the release by both 5-HT and DMPP in 
that preparation can be blocked by colchicine, an agent known to inhibit 
exocytosis of noradrenaline, as well as by lowering the calcium con- 
centration. 

The sensitization of portal vein to histamine also appeared to be 
inhibited by methysergide, as did the sensitization to 5-HT. Since the 
concentration of methysergide used was very high, it is possible that 
this antagonist was having a non-specific effect on the preparation. 
However, it is also possible that 5-HT itself or receptors for this 
agonist are involved somehow in the mechanism of sensitization to 
histamine. If histamine is causing release by a 'DMPP-like' action, 
the receptor mediating this effect could be similar to the 5-HT 'D' 
receptor. 

Although the discussion above was restricted to the mechanism of 
sensitization of histamine, the responses to 5-HT, betazole dnd tola- 
zoline also showed various degrees of sensitization as well. This 
implies that if all these agents act by the same mechanism in causing 


noradrenaline release, the mechanism is relatively non-specific. 
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It is possible that if all act on the same post-synaptic receptors 

in high concentrations, then they could all also be acting through 
the same pre-synaptic receptors to cause release. However at this 
point in time, the small amount of evidence available concerning the 
mechanism by which these agents increase in sensitivity makes it very 


difficult to generalize. 


IV CONCLUSION 

The main conclusions arrived at in the preceding discussion are 
as follows: histamine appears to be acting directly on smooth muscle 
in rabbit portal vein to produce a response that can be blocked by 
phentolamine. The receptor at which histamine is acting can be charac- 
terized as a non-specific amine receptor, since 5-HT and noradrenaline 
also appear to be acting through this structure; it is probably 
a further sub-type of adrenergic receptor, since noradrenaline acts 
as a full agonist, and phentolamine, azapetine and dibozane all anta- 
gonize responses produced through it. 

The increasing sensitivity of rabbit portal vein to histamine 
with time appears to be mediated indirectly through this receptor. The 
sensitization seems to result from the release of noradrenaline by 
histamine, but the mechanism by which this release occurs is not known 
at the present time. It is also not clear whether the responses to 
5-HT, betazole and tolazoline sensitize by a similar mechanism. 

The extremely high concentrations of histamine required to 
produce a response in rabbit portal vein make it unlikely that, under 
normal circumstances, histamine interacts with these receptors in vivo. 


However, as mentioned in the introduction, in conditions such as 
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anaphylactic shock, the blood levels of histamine can reach high con- 
centrations, and under these circumstances, histamine might then combine 
with these receptors and cause constriction of the portal vein. A 
similar insensitivity to low doses of' histamine occurs in the portal 
veins of dogs (Greenway and Oshiro, 1973), rats and guinea pigs 
(unpublished observations). In the dog, however, the histamine response 


is believed to be mediated through classical H, receptors. 


1 
The presence of a receptor able to interact with three agonists 

normally considered to act on specific receptors, makes this prepar- 

ation unusual. However, as mentioned in previous chapters, many drugs, 

particularly antagonists, have been found to interact with more than 

one species of receptor. For instance, a-adrenergic antagonists are 

able to block the histamine response and antihistamines are known 

to have anti-cholinergic activity (Douglas, 1975). 8-adrenoceptor 

antagonists have been shown to block the respones to 5-HT, acetycholine 

and histamine (Furchgott, 1972). Cyproheptadine is equally effective 

at antagonizing the responses to histamine and 5-HT (Douglas, 1975). 

Recently it has been found that some agonists can react with more than 

one type of receptor, depending on the tissue being examined. 5-HT is 

a well known example: it is able to act both pre-and post-synaptically, 

and on 5-HT receptors as well as on a-adrenoceptors. Tolazoline can 

act as an a-adrenergic antagonist, or as an a-adrenoceptor or H, 

receptor agonist. It therefore appears that receptors are not the 

rigid unyielding structures they are sometimes conceived to be. This 

view is supported by the finding that alterations in temperature and 

in the metabolic environment can result in a change in the characteristics 


of receptors within a tissue. The apparent interconversion of a- to 
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B-adrenoceptors and Hy to Hy receptors which has been previously 
mentioned, together with other evidence as described above, has led 
Kunos (1978) to state: 

"The large body of evidence allowing pharmacological classification 
of adrenoceptors has created an illusion of morphological reality in 
the minds of many pharmacologists. Although the nature and localization 
of a- and f-adrenoceptors ar still unknown, a strong implication of 
functionally and morphologically distinct, well-defined static membrane 
structures has been inherent in many studies. In the past few years 
a more dynamic image of receptors, with considerable molecular plasticity 
has emerged...". 

Considering the current concepts of membranes as dynamic, fluid 
structures, it is not surprising that receptors have come to be viewed 
as dynamic structures also, subject to alterations by changes in their 
enviroment and by drugs. Under these circumstances it is possible to 
visualize the receptor present in portal vein, not so much non-specific, 
as able to adapt its conformation to the structures of various drugs. 

At the same time, the receptor does not seem to be entirely non- 
discriminating - it does not respond to all agonists, nor is it blocked 
by all antagonists. It is possible to continue speculating endlessly 
about the nature of such a receptor, and it's relation to other receptors 
in this and other tissues. For instance, it may be that rather than 
having a large number of a-adrenoceptor sub-types which are distinct 
from one another, these structures, including the one in portal vein, 

are all different conformations of the same macromolecule. © The confor- 
mation of this structure could be controlled by the immediate enviroment 
of the receptor, i.e., the lipid matrix of the membrane surrounding the 


receptor, by the hormonal state of the animal and by other as yet un- 


discovered factors. 
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Zeller, E.A. (1966). Structure-activity relationship of monoamine 
oxidase inhibitors. Proc. Third Int. Pharmacol. Meeting 103-15. 
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I DRUGS USED 
Histamine Dihydrochloride (Sigma) 
(-) - Noradrenaline Bitartrate (Sigma) 
Acetycholine Bromide (BDH Ltd.) 
Tyramine Hydrochloride (Mann Research) 
5-Hydroxytryptamine Creatinine Sulfate (Sigma) 
Chlorpheniramine Maleate (Schwarz/Mann Co.) 
Diphenhydramine Hydrochloride (Sigma) 
Phentolamine Methanesulfonate (Ciba) 
Metiamide (SKF) 
Methysergide Bimaleate (SKF) 
6-Hydroxydopamine Hydrobromide (Regis) 
Cocaine Hydrochloride (BDH Ltd.) 
L-Ascorbic Acid (MCB) 
Reserpine (Sigma) 
Betazole Hydrochloride (Lilly) 
Tolazoline (Ciba) 
4-Methyl-Histamine (SKF) 
N-Methyl-Histamine (SKF) 
Ethyl-2-Pyretamine Hydrochloride (Midland Oil Distilleries Ltd.) 
Antazoline Hydrochloride (Ciba) 
Azapetine Phosphate (Roche) 
Dibozane (McNeill) 
Tropolone (Aldrich) 
Pargyline Hydrochloride (Abbott Laboratories) 
Phenoxybenzamine (SKF) 


Atropine Sulfate (Matheson, Coleman and Bell) 
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Guanethidine Sulfate (Ciba) 


Indomethacin (Sigma) 


COMPOSITION OF SOLUTIONS 


KREBS' SOLUTION 


NaCl (113.0 mM) 
KCl ( 4.7 mM) 
CaCl. (525 See) 
KHPO, CuL.2 mM) 
MgSO, Co Ee2 mM) 
NaHCO, (Ai 2oe nM) 
Dextrose ( 11.5: mM) 
FLUOR 
Naphthalene (100 gm/1) 
Omnifluor ( 8 gm/1) 
1, 4 Dioxane (720 m1/1) 
Toluene (135 m1/1) 


Methanol C45 my (1) 
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